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© Adheson variants, nucleic acid encoding them and compositions comprising them. 



NovtH derivatives of ceil surface proteins wfuch are homologous to the •mmunoc / *oOui*n suoerfamiiy 
iaonesons) are prov»ded Ammo aod sequence vanabons are introduced into adheson. Tie most noteworthy of 
wtttcft are those m *h»cri the transmernorane and. preferably cytoplasmic domains are rencereo functKXiaily 
inactive, and m wnich aoheson extracellular oomains replace an immunogtooubn variable region. These variants 
are useful m tnerapy or diagnostics. »n parocuiar. CD4 vanants are therapeutically useful m the treatment of HIV 
infections 




< 

CO 

CO 



Ca- 
UI 



S<**tofC04 



16 45 



CP4fT» 



CQ4 4T< 



89131855 



Applicants: Gary Beaudry and 

Paul J. Maddon 
U.S. Serial No. 08/485,163 
Filed: June 7, 1995 
Exhibit 7 



EP 0 314 317 A1 



AOHESON VARIANTS. NUCLEIC ACID ENCODING THEM AND COMPOSITIONS COMPRISING THEM 



This application relates to compositions (or antiviral or immunomodulatory therap, In particular, it 
retates to compositions useful m the treatment of Human Immunodeficiency Virus (HIV) infections. 

The primary tmmunoiogic abnormality resulting from infection by HIV is the progressive depletion and 
s functional impairment of T lymphocytes expressing the CD4 cell surface glycoprotein (H. Lane et at Ann 
Rev Immunol 3 477 f 1985]) C04 is a non-polymorphic glycoprotein with homology to the immunoglobulin 
gene suoertamiiy (P Maodon et ai Cell 42:93 [1985]). Together with the CD8 surface antigen C 04 defines 
two distinct subsets of mature peripheral T cells (E. Remherr et ai . Cell 19 821 [1980]). which are 
distinguished by their abi'ity tc interact with nominal antigen targets in" me content of ctass I and ctass il 
•o mator histocompatibility complex (MHO antigens, respectively <S Swan. Prcc Nat! Acad. So 78 7101 
[1981]; E Engteman et ai J Immunol V27 2124 [1981]. M Spitz el ai J. Immunol 129 1563 [1982]. W 
BOdison et ai J Exp Med J56 1065 (1982). and O Wilde et ai. ."j Tmmuno* 131 27t§ [1983]). Fcr the 
most part. CD4 T ceils d»so*ay the helper inducer T ceil phenotype (E. Remner. suorai although CD*4 T 
cells characterized as cytoto*ic suppressor T ceils have aiso been identified iY Thomas et a) . J E*o Mec 
5 1*1 459 n98i]. S Meuer et aJ . Proc. Natl. Acad. So USA 79.4395 [1982]; and A K/ensiy et ai.. Proc. 
Naa Acad So USA 79 2365 [1982]) The loss of CD* helper inducer T ceil function probably underlies the 
profounc defects m cellular ana humoral immunity leading to the ooooTumsDc infections ana malignancies 
characteristics of the acauired immunodeficiency syndrome <AiDS) iH. Lane suca» 

Studies of miv-i infection cf fractionated C04 and C08 T ce"s from normal Conors and AIDS panels 
*c nave revealed that depletion of CD4 T ceils results from me ability of miv-i ;o se*ectiveiy mfect. recreate *n. 
and ultimately destroy this T t y monocyte subset iO Kiaumann et ai.. Soence 225 59 (1984]) The 
possibility mat CD4 itself is an essential component of the cellular receptor for hiv-i «aT first indicated Cy 
me ocserva&on mat monoclonal antibodies directed against C04 o*ccfc hiv-i .nfecnon and syncytia 
.ryjucnon *A Daigietsh et ai.. Nature [London] 312 767 [1984J; J McDougai et ai . J immune* i35 3i5i 
~ [1985]) This hypothesis nas oee« confirmed by the demonstration that a mo»ecv!a7 -cmc*e» forms"oer*een 
CD4 ana gpi20. the majo* enve*coe glycoprotein of HIV-I <J McDougai et ai Soence 23 1 382 [i986j. and 
me f»ncmg that miv-i troo«sm can be conferred upon ordinarily non-pefmissive n u man cens flowing me 
stable expression of a CD4 cDNA «P Maooon et ai . Ceil 47 333 [1986]) Furthermore, me neurotroo«c 
properties ol miv-i. reflected by a high mc»cence of central nervous system cystuncoon .n miv-i mtected 
X individuals <W Snider et aJ Ann Neurot 14 403 [1983]). and the aohty to detect Mrv-i .n me Oram nssue 
and cerebrospinal fluid of AlOS patients <G Shaw et al . Science 227 177 [1985], L Ecs\e*n AIDS Res 
^4-47 [1985]; S Koenig Soence £33 1089 [1986]; D Mo et al . N EngTj Mec 313 1498 [1985] J Levy et 
f_J Lancet M 586 [1985]) aooears to nave its explanation m the e»press>on of CD4 m cells of neuronal gtial 
ano monocyte macrophage origin tP Maooon. Cen 47 444 [1986], I Funke et ai . J E*p Mec 165 1230 
js [1986]. 8 Tourvietiie et ai Science 234 610 [1986]) 

in addition to determining me susceotib*bty to MIV-I infection, the manifestation of cytooam*c effects in 
the mfected host cei appears to mvorve CD4 Antibody to CD4 was found to inhibit me fusion cf uninfected 
CD4 T ceils *nth MlV-l infected cells m vitro : moreover, me giant multinucleated ceils produced by mis 
event die snoniy after being formed resulting m the depletion of the population of C04 ceils iJ Ufscn et aJ . 
jo Science 232:1 1 23 (>986D Formation of syncytia also requires gpi20 expression, and can be ei»oteo cy 
cocurturmg CD4-positive cell lines *nth ceil lines expressing me MIV-I env gene tn me absence cf otner viral 
structural or regulatory proteins (J Sodroski et al.. Nature 322:470 [1986]; J Ufson et ai . Nature 323 725 
[1986]) Thus, m mediating bom me initial infection by hiv-i as wen as eventual ceiiUeam. she interaction 
between gpi20 and CD4 constitutes one of several critical entry points in the viral life cycie amenaoie to 
j; therapeutic intervention im Mitsuya et ai.. Nature 325 773 [1987]). 

The known sequence of me CD4~ precursor predicts a hyaroohobic signal peptioe an extracellular 
region cf approximately 370 ammo ac*ds. a highly hydrophobic stretch *itn significant identity ic me 
membrane-spanning domain of the ciass II MMC beta Cham, ano a highly charged intracellular sequence of 
40 residues <P Maoden. Cell 4293 [1985]) The extracellular domain of CD4 consists of four contiguous 
50 regions each having ammo aoc and structural similarity to the variable ano joining iV-J) domains of 
•mmunogloouim light chains as *e» as related regions m other members of the immunoglobulin gene 
suoertamiiy (a subclass of which are defined nerem by the coined term "aohesons"*. These structurally 
similar regions of CD4 are termed the VJ-. V : j ; . ViJi and V;J* domains (denominated i-4 in Fig. 3). 

A successful strategy m the aev 100m nt of drugs for m treatment of many receptor meciateo 
abnormalities nas been th identification of antagonists which block binding of :ne natural iiganc Smce the 
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C04 adhesci: ordinarily binds to the recognition sit s of the HIV envc'ope it would appear to b a candidate 
for in rap uticaiiy s Qu storing thes HIV sites, th reby blocking viral mfectivity. How ver. full I ngth C04 
and other adhesons are cell membrane prot ms which are anchored m the lipid bilay r of lymphocytes. Th 
pres nee of momprane components will b und sirabi irom th standpoint of manufacturing and punfica* 
5 non In addition, since adh sons are normally pres nt only on ceil surfac s. it w uld be desirable to 
produce aohesons m a form which is more stable m the circulation. Additionally. v«.n truncated, solubi 
C04 aoheson (generally referred to as C04T) may not be optimally effective as a therapeutic since it 
possesses a relatively snort biological half-life, binds to HIV no better than ceil surface CD4. may not cross 
the placental or other biological barriers and since it merely sequesters the HIV recognition sites without m 

ro itself bearing an infected-cell killing or virus killing functionality 

Accordingly, it i$ desirable to produce soluble, secreted adhesons. it is also desirable to produce CD4 
derivatives useful m me treatment of AIDS and related conditions, »n a manner essentially unaffected by the 
extreme degree of genetic variation observed among various HIV-l isolates and their respective env 
polypeptides U Coffin. Ceil 46: l (19861) it is further desirable to prepare adhesons fused to other 

'5 polypeptides m order to provide molecules with novel functionalities such as those desenbed above for 
therapeutic use. or diagnostic reagents for the m vitro assay of adhesons or their itgands. in particular, it >s 
desirable to prepared molecules for directing toxins or effector molecules |f*r example the Fc domain of 
immunoglobulin* to cells bearing receptors for the adhesons. e.g. HIV gpi20 m the case of CD* and for 
use m facilitating purification of the adhesons it is further desirable to provide stable, htghiy purified 

to adheson preparations 

The present invention provides nucleic acid encoding an amino aod secuence van ant of an aoheson. in 
particular a variant m wtuch the trans-membrane domain is modified so tr at <t «s no onger caoao*e of 
becoming lodged m the ceil membrane, i.e. inactivated, for example, by deletion of substitution in the case 
of C04 such van ants are termed CD4 

« Vanant adhesons are produced by a method comprising (a) transforming a host ceil with nucie*c acid 

encoding an amino aod seouence vanant of an aoheson. <b) cultunng the host ce*t and *c> recovering the 
vanant adheson from the host ce« culture media. 

in another embodiment the invention provides an aoheson vanant selected from the group consisting of 
<at an adheson amino aod secuence vanant having an tnactivaiec transmembrane soma*n anc ibi a 

» polypeptide comprising an adheson extracellular oomam fused to the secuence cf a ociypepboe -*n»cn -s 
different from the adheson rms tatter selected from a cytotcxm an tmmunogen or an immunogiobu*»n 
constant domain. 

m a preferred embodiment a porypept>oe comprising a gpi20 b»nong remain of me CO* acne son is 
fused at its C-termmus to an •mmunogioockn constant domain, or is imfcec to a cytotoxic ooiypefjuce sucn 
js as r»on 

The CD4 adheson variants provoeo herein are purified and formulated m pharmacologically acceptable 
ven»c»es for administration to paoents m need of antiviral or immunomoduiatorv meraoy. »n particular 
patients infected with HIV 

jo 

Brief Description of the Drawings 

Figs ta-tc depict the ammo aod and nucleotide secuence of a secreted form of the CfM adheson 
js <CD4T). Other forms of CD4T Terminate at Ser 366 or Pro 368. The stgnai processing site is designated with 
an arrow. 

Figs. 2a- 2c depict the ammo aod and nucleotide secuence of a fusion of the herpes gO leader and 
N-terminal 27 residues to the putative mature N-termmus of CD4T. 

Fig. 3 depicts the structural elements of me native and soluble C04 antigen, the native im- 
so munogtoDuim G heavy <>) chain and two exemplary heavy cham-C04 chimeras. 

Figs. 4a-4b are a map of the tinkered immunoglobulin y chain fragment employed m the preparation 
of C04 fusions Insen sites are designated >i and Fc 

Fig. 5 is a map of a human light chain fragment useful for C04 fusions at the arrow flanked by V % j„ - 
{tight variable and joining) and C* i light constant i. 

55 
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Adhesons are *:en surface polypeptides having an extracellular comam wh.cn <s homologous to a 
member O* the •mrr.unogtodulm gene Suoerfamily. excluding, however, highly polymorphic memoers Of this 
supertamiiy 5 lecteo from the group of oass I and ctass tl major histocompatibility anttg ns. .m- 
munogiotjuims and T-ceU receptor o. J. > and * chains Examples of adhesons moude C02 C04. COS. 
C02e. th 5 ana . chains of C03. Ox-2 Th y -i th intercellular or neural cell adh sion ^oi cut s (l-CAM 
or N-CAM) neufocytoptasmic protein (NCP-3). ooly-ig receptor, myelm-associated glycocrote.n <MAGv high 
affinity igE receptor the major glycoprotein of peripheral myelin iPo>. platelet aenved growth factor 
receptor, colony stimuatmg factor- 1 receptor macrophage Fc receotor. F c gamma receptors and car- 
cmoemoryonic antigen Homologous as deftned herein means having me sequence o» a memoer ot the 
•mmunogiobuitn gene superfam.iy or having a sequence therewtthm which has substantially me same as <or 
a greater degree of) ammo acid sequence homology to a known memoer of the superfamiiy as me specific 
e*ampies given aoove nave to the sequence of an immunoglobulin variable or constant doma.n Preferred 
adhesons are CD4. COS and h.gh affinity ig£ receptor 

This .nvention .s particularly concerned with ammo add sequence variants of a-3*K?scns Ammo acid 
sequence variants of adhesons are prepared with various objectives m mmo. including mcreasmg me affinity 
of me adheson for «ts binding partner facilitating the stability, purification and preparation of me acheson. 
ncreasmg ,t plasma half Me improving therapeutic efficacy as described above »n me oackgrouno. 
•ntroducing additional functionalities and lessening the seventy or occurrence of s.de effects during 
therapeutic use of the adheson Amino acid sequence variants of adhesons fail mto one cr a combination cf 
me following classes msertionai substitutional or oeieticnai variants 

insertionai ammo acid sequence variants are these .n ~mcn one or more ammo acid residues 
extraneous to me adheson are introduced mto a predetermined site m me aohescn .nciudmg me C or N 
'ermm. Such variants are referred to as fusions of the adheson and a different polypeptide are oroduceo. 
Sucn omer polypeptides contain sequences omer than those wn<h are normally found *n the adheson at 
tne ♦nseneo position Several groups of fusions are contemplated herein immunologically active adheson 
•us*ons comonse an adheson and a polypeptide containing a non-adheson epitope The non-adheson 
eotooe is any immunologically competent polypeptide. 1 e.. any polypeptide which .s capable of eliciting an 
-mmune response m me an.mai to *n<n the fusion is to oe acmimsterec or wmch »s caoaote of being 
oouno by an annoocy -aiseo again si me non-adheson polypeptide TypxaJ non-achescn eo topes wtii te 
mose wtinrn a/e borne by allergens, autoimmune epitopes, cr other potent immunogens or antigens 
recognised by pre-e*istmg antioodies m me fusion recipient, including bacterial ooiypeotrces such as trpLE. 
oeta-gaiactosicase. v.rai poiypeotKJes such as herpes gO protein and the uke immunogenic fusions are 
produced by crcss-imtnng m vitro or oy recombinant cell culture transformed wim ONA encoding an 
mmunogentc polypeptide it is preferable mat me immunogenic fusion be one m *n»cn the .mmunogenic 
sequence «s ,oneo to or inserted mto me aoneson antigen or fragment thereof by a peptide oendts* These 
products merefcre consist of a «near ooiyceonoe en am containing adheson epitopes and at east one 
epitpoe foreign to me adheson rt win oe unoerstood that it is withm the scope of this .nvenuon to introduce 
me epitopes anywnere within the adheson molecule or fragment thereof Such fusions are conveniently 
mace m recombinant host cells or Oy the use of Afunctional cfoss-'mking agents. The use of a cross-unking 
agent :o fuse :ne adheson to me immunogen.c polypeptide is net as desirable as a mear fusion because 
me cross*«in*ed products are not as easiiy syntnesi-zed m structurally homogeneous fcrm 

These immiinogenic insertions are particularly useful when formulated into a pharmacologically accept- 
able earner arc. administered to a subject m oroer to raise antibodies against me adheson. *nicn antibodies 
=n turn are useful m diagnostics cr m purification of adheson oy immunoatfimty techniques known per se. 
Alternatively. »n me purification of adhesons. omaing partners for the fused non-adheson poiyoeptioe~e"g. 
antibodies, receptors or iiganos. are used to adsorb the fusion from impure admixtures, after which me 
fusion is etuteo and. *f desired, the aoneson is recovered from me fusion, e g by enzymatic cleavage 

Other fusions, which may or may not also oe immunologically active, include fusions of the adhesion 
sequence with a signal sequence heterologous to the adheson. fusions oi transmembrane-mocifieo CD4 
adhesons tor, example, to poiypepnces navmg enhanced olasma naif tife lordmaniy >about 20 noursi such 
as immunoglobulin chains or fragments thereof, and fusions w.in cytotoxic functionalities Signal sequence 
fusions a/e employed m oroer to more expeditiously direct me secretion oi the adheson The heterologous 
signal replaces me native adheson signal, ano when me resulting fusion is recognized. ■ e processed and 
cleaved by me host ceil, the aoneson . s secreted Signals are selected based on me intended r.ost ceil and 
may include bacteria* yeast, mammalian and virai sequences The heroes gD glycoprotein signal >s suitable 
for use m mammalian expression systems 

Plasma proteins which have enhanced piasma naif-Me longer than that of transmembrane modified C04 
include serum aibumm. immunoglobulins apoiipoprotems. ano transferrin Preferaoiy the acne^on-piasma 
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croie.n fusion .$ not significantly .mmunogemc in ihe animal m which it -5 useo and the plasma pr tern does 
not cause uno sirabte side tfects m pat. nts by virtu ol its normal biological activity 

m a specific embodiment in aaheson constant and or va/iabte region-itk aomam is conjugated with an 
immunoglobulin constant region s quenc«* Th resulting products ar ret rred to h r in as immunoad- 
n sons immunoglobulins and certain variants th reof are known and many nav been prepared m 
recombinant ceil culture For example, see U.S. Patent 4.745.055: EP 256.654; Faulkner et al.. Nature 
298 286 (1982). EP 120.694: EP 125.023: Morrison. J. Immun. 123:793 11979): Kohler et al.. P. N~A $ USA 
77 2197 (1980); Raso et al . Cancer Res. 41:2073 (1981): Morn son et al.. Ann. Rev. lmm~uSol. 2:239 (1984): 
Morrison. Science 229:1202 (1985). Morrison et al., P N.A.S. USA 81:6851 (1984): EP 255.694:~EP 266.663: 
ano WO 8603559 Reasserted immunoglobulin chains also are~known. See for example U S patent 
4 444.878: WO 8603565: and EP 68.763 and references cited therein. 

Ordinarily the domains of adhesons that are homologous to immunoglobulins and extracellular m their 
native environment are fused C-terminaJly to the N-termmus of the constant region of immunoglobulins m 
place of me variable regionisHike thereof, retaining at least functionally ac # ive hinge. CH2 and CH3 
domains of the constant region of an immunoglobulin heavy chain. This ordinanfy is accomplished by 
constructing me appropriate ONA sequence and expressing it m recombinant cell culture. Immunoglobulins 
and other polypeptides having enhanced plasma half life are fused to the extracellular or bgand Onomg 
domains of other adhesons m the same fashion. 

The boundary domains for the C04 v-iike regions (V1-V4) are. respectively, about 100-109. about 175- 
^84 about 289-298. and about 360-369 (based on the precursor C04 ammo aod sequence in which the 
initiating met is -25. Fig. la) CD4 sequences containing any of the CD4 v domains are fused to the 
.mmunogiobuiin sequence it is preferable mat the V1V2 or V1V2V3V4 be fused at tne*r C- termini to the 
immunoglobulin constant region The precise site at which the fusion is made is not cn&cai; the boundary 
oomains noted herein are for guidance only and other sites neighboring or withm the V regions may be 
selected m order to optimise the secretion or binding charactenstics of the CD4 The optimal site will be 
determined by routine experimentation, in general, it has been found mat the fusions are expressed 
intracellular ty. but a great deal ol variation *$ encountered in the degree ol secretion of the fusions from 
recombinant hosts. For instance the following table demonstrates ;he various trnmunoglobuttn fusions that 
have been obtained by the method of this invention, in all examples of C04 tmmunoadhesons. the CD4 
signal was used to direct secretion from 293 cells. Lower case m represents murine ongm. while the iower 
case h designates human ongm v and C are abbreviations for immunoglobulin variable and constant 
domains respectively. The numerical subsenpts indicate the number of parenthetcal units found ;n the 
designated mummer. It will be understood that the chams of the mummers are believed to be disulfide 
oonoed «n the same fashion as native immunoglobulins. The CD4 immunoadhesons typically contained 
either the first N-terminal 366 residues of C04 <C04 4 ) or the first 180 N-terminai residues of CD4 <CD4r> 
linked at their. C-temmnus to the • (hght) chain or igGi heavy chain constant region ( y M. 
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Table I 



Transfected C»n» 



Secrcced Produce 



mV^C* and/or (mV K C K ) 2 



mV 7 l C 7l 



ND 



rl c 7l 



(n v *C*)2(nV 7l C 7l )2 + 
■V^C* and/or (mV iC C JC >2 



hCD4-mC„ 



hCD4-mC K and/or (hCD^-mC^^ 



hCD4- 



nC 7l 



ND 



hCD4-nC- ♦ hCD4-aC^ 



(hCD4.aC w ) 2 (hCD4-aC- yl )2 + 
hCD4-nC. and/or (hCD4-oC K )2 



hCD4-hC. 



hCD^-hC^ and/or (hCD4-hC JC ) 2 



hCD^-hCyi 



<hCD4-hC 7l )2 



hCD4-hC^ + hCD4-hO yl 



(hCD4.hC JC ) 2 (hCD4-hC 7l ) 2 + 
hCD4-hC JC and/or (hCD4-hC JC ) 2 



■V^C* ♦ hCDt-hC^ 



(aV Jt C JC ) 2 (hCD4-hC 7l )2 ♦ 
■V^C* and/or (aV JC C je ) 2 



*ND - Noc dececced 



It is interesting to observe from this table that the CD4-human heavy chain immunoadheson was secreted 
as a doner whereas the analogous munne construction was not oetecteo (this not excluding the intracellular 
accumulation of the protein, however). The anility of the hCD4-hC^i transformants to produce heavy chain 
dimer was unexpected since previous work had suggested that immunoglobulin heavy chains are not 
secreted unless the hosts are cotransformed with nucleic acid encoding both heavy and light chain (Valle et 
al. Nature 241 338 [1981 1) According to this invention. CD4-lgG immunoadheson chimeras are readily 
secreted wherein the CD4 epitope is present m light chain dimers. heavy chain monomers or dimers. and 
heavy aryl light chain tetramers wherein me CD4 epitope is present fused to one or more light or heavy 
chains, including heterotetramers wherein up to and including ail four variable region analogues are denved 
from CC*. Where light-heavy chain non-CD4 variable domain is present, a heterofunctional antibody thus is 
provided. 

Various exemplary hetero-and chimenc immunoadheson antibodies produced .n accordance with this 
inventus are schematically diagrammed below "A" means at least a portion of the extracellular domain of 
an adh son containing its i.gand binding sit : V L . V H . Q and C r present lignt or h avy chain vanabi or 
constant domains of an immunogi buiin: n .« an integer: and Y designates a coval nt cross-i.nxing moi ty 
(a) AC^. 
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«bf AC^-ACt 

*CiACm-(AC. AQ-AC. AC.-V.Cm. V l C,.AC.. or V L C t -V.C.] 
<di AC t -AC.[AC AC-AC.. AC-V^C V.C^AC-. Of V^-V-Cr 
iei AQ-V.C-fAC,. AC r AC.. AC,.V.C.. V.C^AC. Or V t C .V..C] 
m V L C,-AC.-|AC. AC-AC. AC,-V.C M . V^CfAC-. or V.C.-V-C-j. 

(Q) (A-YJ„.{V t C.-V^]. 



The structures sr*own , n ihis table show only key features, e. g. they do not snow ,o.n.ng <j> or cth r 
aomams or the immunoglobulins. n 0 r are disulfide DondS Shown These a/e omitted m the interests of 
orevity However *nere such domains are reauired for bmctng activity they shall oe construed as being 
resent ,n the oronary 'ocancns wh, C h they occuoy in the adheson. .mmunoacheson or .mmunog.obui.n 
molecules as the case may be These examples are representative of divalent ant.oodies; more compie* 
structures wouio result by emptying immunoglobulin heavy chain secuences fr^m ctrer ciasses e g igM 
The immunoglobulin v,v^ antibody combining sue also designated as me com oar .on ,mm u rogioCu..n 
preferably ts capable cf bmoing to a predetermined antigen. 

Suitaote companion immunoglobulin combining sites and fusion partners are cotamed frcm igG-i -2 
-3 or 4- subtypes igA. igE. tgO or igM but preferably lgG-1. 

A preferred embodiment is a fusion of an N-termmal portion of CD4 *n K n contains me o»ncnng s.te for 
tne gpi20 enveiooe protein of HIV to the C-termmaJ F c portion of an arnoocy. ccrtain.ng me e«ec:c/ 
functions of .mmunogiobui.n G There are two preferred embodiments of m.s sort; :n one me enure heavy 
chain constant region ,s fused to a portion of CD4: m another, a secuence beginning ,n me h.nge reckon ;u s; 
upstream of me paoam cleavage site which defines igG F c cnem.caiiy iresxiue 216. taking me first rescue 
of heavy chain constant region to be i M [Kobat et ai -Secuences of Proteins of immunological interest ' 
•»m Ed . 1987]. or analogous sites of other immunoglobulins) >s fused to a portion of CD4 These 
embodiments are describee in me examples 

More particularly those vanants m ~n.cn one or more immunog»oou*in-4ike domains of an adheson are 
substituted for the variable region of an .mmunogtobuim chain are bebeved to e«n,b,t improved .n v.vo 
plasma naif i.fe These chimeras are constructed m a fas**on similar to chimeric antibodies m ^n,c7Ti 
vanab*e comam from a antibody of one species is substituted for me variable domain of another speoes 
See. for example. EP 0 125 023 Murvo. Nature 312. (13 December 1984): Neuoerger et ai . Nature 3i2; .13 
December t984> : Sharon et ai Nature 309: (24 May 1984) Morrison et ai Proc. Nad" Acad So~USA 
8^ 6851-6855 (1984); Mornson et # Science 229:1202-1207 (1985): arxTBc^anne et aJ . Nature 312:643- 
646 (13 December 1984, The DMA encoding a CD4 V-i.ke region , s cleaved by a restriction enryrnTat or 
prommai to a DNA encoding a boundary domain and at a point at or near the DNA encoding N-term.nai 5 
enc of me mature antigen <wnere use of a non-CD4 lead is contemplated) or at or proximal to me 5 eno cf 
me N-term»nai coong region for me antigen (where a naDve CD4 signal is employed). This DNA fragment 
men is readily inserted mro ONA encoding an immunoglobulin tight or heavy chain constant region anc. <f 
necessary, tailored by deletion*! mutagenesis. Preferably, mis is a human immunoglobulin wnen me variant 
>s mtenced for »n vtvo theraoy tor humans DNA encoding immunoglobulin light or heavy chain constant 
regions -is known or readily available from cDNA libraries or is synthesized See for example. Acams et ai. 
Biochemistry 19 271 1-2719 H 980K Gough et aJ.. Biochemistry 19:2702*2710 (1980): Dolby et ai . Pn"a"S 
USA. 77 6027-6031 (i960). Rice et aJ.. PN A S. USA 79 7862-7865 (1982): FaJkner et ai . NjtuTe 298:286- 

288 H 982): ano Mornson et al.. Ann Rev Immunol. 2:239-256 (1984). 

ONA enccong the immunogioouiin or immunoadheson chimeric charnts) is transfected mto a host ceil 
for expression. II me host cell *s producing a heavy chain immunoglobulin prior to transfectich men one 
neeo only transfect with me adheson fused light chain to produce a heteroantibody. Similarly, if me host ceil 
s expressing a light chain men DNA encoding a heavy chain adheson fusion is transfected to produce a 
neteroantioody. The aforementioned immunoglobulins having one or more arms bearing me adheson 
domain and one or more arms beanng companion variable regions result in dual specificity *cr acheson 
i.gand ana tor an antigen These are produced by the above-described recombinant methods or oy .n vitro 
procedures, in the latter case for example. F ( ab ): fragments of the adheson fusion and an .mmunogiobuTm 
are prepared, the F<ab »2 fragments convened to Fab* fragments by reduction under m.id reducing 
conditions and then reo*tatzeo m each other's presence under acidic conditions *n accord with methods 
known per se. See also U S patent 4.44-4.878 

in an alternative methoa for producing a heterofunctional antibody, host ceils producing an aonescn- 
.mmunogiobuim fusion, e.g. transfected myelomas, also are fused «nh B cells or hyor.domas *n, C n secret 
ant.oody having the ces.red companion specificity for an antigen Heterobifunctionai antibody .s recovered 
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i«« h ,h 'r^ U,U ". m ^ °' SUCh hyb " 00mas ** ™Y be produced som what more conven.ent.y 
than tsy conv nti nal in vitro resorting methods (EP 68.763) 

Anotn , group oMus.ons ar those .n wh,ch an adheson .s con, u gated w.th a toxic substanc . eg. a 
Doiypepfd such as r, c ,n (.ndud.ng deglycosyiated nc.n A chain,, dipth „ a tox.n A. or a non-pept.dyi 
cytotoxm wner th t x.n .s a polypeptide .t .s convement to cross-link the poiypept.de tr the adheson or 
■ts transmemerane-deieted variant by conventual in v,tro protein cross-linking agents dor suitable methods 
, , S«^«? , r " deQ, y cos V'«e<l A chXn— C04 see. lor ..ample. Duncan et al.. 'Ana.y 
f ,Si^" Th<XPe 21 2- " Canc * RM " 47 5^ (1 987J: and Ghot.e et a. . Xincer Res * 

*BZ610 (1988)) or by recombinant synthesis as a fusIoT. (see lor example. U S~ Patent 4.765.382) 
Alternatively, where compamon ant.bod.es are anf-ricn antibody .mmunogtobuiin var.abie domains, sucn 
•mm^ioeuhn heteroant.bod.es are employed to deliver r, c .n to HIV infected cells following the general 
procedure of Raso et aj.. Cancer Research. 41 2073 < 1981 ». 

Another class of adheson vanants are deletion* variants. Oeietions are charactered by the removal of 
one or more am.no acd residues from a adheson sequence. T y0 ,caily. the transmembrane and cytooiasm.c 
domains ol adhesons are deleted m the case of C04. at least rescues 368 to 395 (the transmembrane 
region, .vhj ordmaniy 396-133 as well .the cytoplasmic domain,. w,ii be deleted to «t>t*n secreted forms of 
ttw adheson. Parenthetically the am.no aod residues follow me numbers given for mature C04 as noted, 
for example m figures ta - ic. 

r« m ^T^' 0n !!j' anan,S m ° M a ' lea * °"« * the adheson sequence has been 

£^T? ^ ,eSKJUe ' nS * ted " S PUCe The "«"* "-«"™* 'esoue for m»re COa ., now 

knownjo be lysine. Thus the sequence sho-n m F,g. t w,m an f^ermmai asparag^ne .s an am.no aoa 
secwence var.ant of nanve mature CD4 Table 2 below descnbes suostinrtons wr»c„ ,n genera. -« result .n 
f.ne modulation of the charactensocs of me CO antigen 

TABLE 2 



Original 


Exemplary 


Residue 


Substitutions 


Ala 


ser 




lys 


Asn 


gtn: his 


Asp 


giu 


Cys 


ser: aia 


Gm 


asn 


Giu 


aso 


Gty 


pro 


Mis 


asn: gin 


lie 


leu. val 


Leu 


ile: val 


Lys 


arg: gin: gtu 


Met 


leu: tie 


Phe 


met: leu: tyr 


Ser 


thr 


Thr 


ser 


Trp 


tyr 


Tyr 


trp: phe 


Val 


»ie: teu 



i«« ? C r 9eS °" 01 ,mmuno '°5 ,cal 1 < Jen, «v by se.ect.ng subst.tut.ons that are 

mln^^T? 1 056 ^ 2 - MteCtin9 ,eS ' 0ues mat 0,Her m °' e s-gn"icant.y .n ,ne,r effect on 

ThL . f t ' UCtUre °' *• ^'V^OtKSe backbone .n the area of the subst.tut.on. for example as a 
ZTJ,£?« C ° n '° fm * ,,on - <°> ,h « enarge * hydropnob-cty of the molecule at the target s.te or ,c» the 
ISl^S,!? ,n '..^ subsMubons ~»' c » " a*™* to produce the greatest changes .n 

£ byTa h?d?ooh 0 h7 ,hOS9 3 n ^'°P n " ic ' es ' flu « • 9 "nf or threonyl. ,s SuOSftuted for 

subsmufw Z T X i 9 ,eOCV '- iS ' Pn ny ' a,any! va ' y ' °' a,an *' : ,b > a ^ » O'O'V * 

aSnv J V !T V °' h ' ' S ' dU0: ,C> 3 ' S ' au hav ' n9 30 e,ec,r P 05 '"^ «««. e g . t»,», 

argmyi. or h.st.dyl. ,s substituted for ,or by, an ek»ctronegat.v res.due. e.g. g.utamy. or aspany. or id, a 
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■ es-cue navng a ou>hy 5.ae cram eg . cneny.a.anyi. ,s subst.tut d for (or by) one not hav.ng a s.d Cham. 

A oreierrec ciass of suost.tui.ona. or ae.et.onai var.ants a/e those .nvoiv.ng me transmembrane re g.on o» 
tne aohescn The transmembrane reg.on o( the aOh*,on , s a h.gh.y h V droohob.C Of l.ooph.l.c doma-n mat . 3 
the ffrooer s..-e to scan the i.p-d b-.ayer ol m e cellular membrane. It .s oei.eved to an-nor the adheson ,n 
the ceil memorane 

Oeiet.on or suost.tut.on of the transmembrane doma.n w,n facilitate recovery and prov.de a soluble form 
of the acneson oy reducing , tS ceNuUir or membrane lipid aff.n.ty and improving .ts water solub.l.ty If the 
transmembrane ano cytoplasmic domains are deleted one avo.cs the .ntroducfon of potent.aJiy ,rrv 
munogen,c epitopes e.iher by exposure of otherw.se intracellular polypeptides that might be recogn.zed by 
the body as foreign or bv .nsen.on of heterologous polypeptides that are potentially immunogenic A 
principal advantage of me transmembrane ceieted acneson .s that rt .s secreted into the culture mec.um 0 t 
recombinant nosts This variant .s water soluble ano aces not have an appreciable aff.n.ry for ceil 

memorane J.p.dS. thus considerably Simpi.iy.ng , t S recovery from recombinant cell Culture 

it wi!i oe amply acoa/ent u 0 m tn e foregoing discussion that substitutions, deletions, -nsemons or any 
como.nat.on thereof are .ntrocuced to arrive at a fmaJ construct. As a general proposition, ait variants «.n not 
have a functional transmemorane aomam and preferably w.u not have a functional cytoplasm*: sequence 
Th, s .s generally accomplished by deletion of the relevant domain, although adequate insertion* or 
substitutional mutagens also can be effective for th.s purpose. For example, the transmembrane domain , s 
suost.tuteo by any am.no aoo sequence e g a random or homopoiy nuclei sequence of about 5 to 50 
serine, threonine, lysine argm.ne. gtutamme aspamc acid and i.ke hycfrophiiic residues. ~n.cn artogemer 
e*hib.t a hydroph.iic nycrooathy orof.»e. so mat n .s secreted mto me culture medium of recomonant nosts 
THis variant should also oe con stereo to ce an acneson variant 

These variants ordinarily are prepared by site specific mutagenesis of nucleotides m the DMA encoding 
me aoheson. thereby producing DMA encoding me variant, and thereafter expressing the ONA .n recom- 
binant ce« culture However variant acnesens also are prepared by .n vitro synthesis. Obviously variations 
made m the ONA encoding the war.ant acresons must not place the sequence out of reading frame ano 
preferably w.u not create comcieme'nary regions mat could produce secondary mRNA structure deleterious 
to expression (EP 75 4-wAi Tr e CD-* va^ants ty&caiiv exhibit the same gpi20 cncng activity as does me 
naturailyoccumng prototype, aitnougn var.ants aJso are selected m crder to moory me charactensacs of 
me CD4 aoheson as tnocatec aocve 

While the site for introducing an am.no acid sequence variation *s predetermined, me mutai.cn per se 
need not be predetermined For example m oroer to optimise tne performance cf a mutation at a given~site" 
random mutagenesis may oe conquered at me target codon or region and me expressed acneson vanan« 
screened for the optimal comr>nat»on of aesued activities Techniques for making substitution mutations ai 
predetermined sites m On A having a known sequence are well known, for example Mi 3 p/imer 
mutagenesis. 

Adheson variants mat are not caoao^e of binding HIV gp 120 are useful nonetheless as .mmunogens for 
raising antibodies to me adheson or as immunoassay kit components (labelled, as a competitive reagent *cr 
gpi20 assay, or uniaoeiied as a standard for an adheson assay i so »ong as at least one acneson ectcce 
'emams active 

The ONA encoding achesons .s ootameo by known procedures. See Reihertz et al anc Macdon et ai 
oo ot in general, prokaryotes are usee ?or c:onmg of C04 variant ONA sequences "For exampie. E~ccn 
K12 strain 294 (ATCC No. 31446) is particularly useful. Other microbial strains which may be used wCce 
E co« B UMiOi and E. coti 1 1776 <ATCC No 31537) These examples are illustrative rather man hm.ting 

ONA encoding the variant acnesons are inserted for expression mto vectors containing promoters ana 
control sequences which are derived from species compatible with the intended host ceil. The vector 
ordinarily, -but need not. carry a replication sue as wen as one or more marker sequences which are caoacte 
of provctnq pnenotypic selection -n transformed ceils For example. E coli »s typically transformed us*ng a 
derivative cf pBR322 which »s a piasmic derived from an E coli species (Bolivar et al.. Gene 2 95 {i97T'> 
PBR322 contains genes for ampiciUm ano ietracyctme"resistance and thus provides easy means for 
.cennfymg transformed ceils. The cBR322 piasmid. or other microbial piasmid must also contain or be 
modified to contain promoters ano other control elements commonlv used m recombinant ONA construc- 
tions 

Promoters suitable for use *tth proka/yotic hosts illustratively include the J-iactamase ana lactose 
promoter systems (Chang et al.. Nature 275 615 [1978]; ano Goeddei et al Nature 281 544 M979]) 
aikaim phosphatase, the tryptophan <trpi promoter system iGoeaaei N u c7ic~Aci0S Res~3. 4057 [i960 J 
ana EPO Apptn Publ. No 36.776> and hybrid promoters such as m tac promoter (H ae Beer et ai . Proc 
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nui ™ S - 2 '' 2S ,,9M " Howeve ' 0,n ' » u " c "°" a ' r,a. promoters ar su.tao. . Th „ 

ONA encoding .he adheson var.an, using l.n* , S or adaptors ,o supply any reou.red restr.Ct. n sites 

5 ^-Lf 4 " - ' ,980,) P ' 0m0,e ' S ' Cf USe baC,e " al S V S « - — - conui" * Sh,n - 

s Daigarn (SOi seauence operabiy linked to the ONA encoding the antigen 

eJeJlTZslt e 'TV° teS eukar <°" c -cooes such as yeas, cultures also are usefu. as Coning or 
egression hosts Saccharomyces ceievs.ae . or common baker's yeast ,s the m OS , common.y used 
eokaryotic m.croorgan.sm although a numoer of o.h„r stra-ns are common.y avaHao.e. For e.press.on ,n 
Saccharomyces ,he p.asm.d VRp7 tor e.amp,e (St.nchcomb. at al.. Nature 282. 39 [1979|: K.ngsman et a.. 
ST. - 1 [ ' : 81 31 • G «"« i£: '57 (1960D .s common" used. Th.s p.asmid already 

contains the trpi gen© wn.cn provides a se.ect.on marker for a mutant swam of yeast lack.ng the ab.i.ty to 
grow m tryptophan, for example ATCC no 44076 or PEP4-, ,J 0 nes. Genet.CS 85: 12 [19771.) The presence 
of me trpi .es.on as a characterise of the yeast host ceil genome then proves an etfecftve means of 
selection p y growth .n the absence of tryptophan 

. Cr0mo,,ng seG " ences use *'«" /east hosts .nciude the promoters for 3-ohosonog. y cerate 

p™1 r r.TcT •Jof' 0 ' Chem ^5 2073 C 9«>1» or omer g.yco^oc en.-,mes .Hess e, a... J. acv. 
l^Tl ^ - 1,9681 300 Ho " ana B-oc^-strv t7 4900 (1978J). such as encase. gtyTerlKJehyoe- 
3-pnosphate dehydrogenase, he.ok.nase pyruvate decTboxyiase. phosphofructotanase. g.ucose-6-onos- 
Phate .somerase. 3-phospnogiycerate m u ,ase. pyruvate k,nase. tnosephosphate .somerase. pnospnogiocose 
20 isomer ase. and glucokmase 

Other yeast promoters, -n.cn are .noucibte promoters having the aecbtjonai advantage of transection 
controlled oy growth conditions are the promoter regions 'or alcohol dehydrogenase 2 .sccytocftrome C 
aod prtosonatase. degradat.ve enzymes associated w.tn n.trogen metaoonsm -r,etai»om.one.n 
g^cefaidehyde-3ronospha,e dehydrogenase, and eru-ymes responsible for maltose and galactose utiliza- 
» toon So.t3bie vectors ano promoters for use m yeast express** are further described m fl. mueman et ai 
Eurooean Paten, Publication No 73 6S7A Yeast enhancer, also are advantageously usee «m 7eSs, 
promoters 

Promoters are controlling transenptoon from vectors .n mammal«n host CMS may be OOtained from 
vanous screes for e.amp* me genomes =t v-ruses such as ooiyoma. Sm«n Virus 40 <SV40> 

» adenovirus retroviruses, neoaws-e virus ana most creleraoly cytomegalovirus, or from neterotogous 
mammalian promoters eg ,ne oeta ac:.n promoter Tn« ear.y and late promoters o» the SV40 vrus are 
convenient ootameo as an SV40 resincaon fragment -h<h afso contains the SV40 vrai ongui of 
<ep*c*Don F+n e, ai . Nature 273 .13 .1978, The .mmeoate ear* promoter of the human 

« ^^nToU* " nven,ent,v <x**"*c « a Hjnd'» e restnetwn fragment Greena-ay. PJ. et ai.. Gene 
— nJl COUrS * cromc,e ' s ,,wn °ost ceil or related spec.es also are useful heri.n 

una transcpoon , n mgner euKa, ,otes -s increased by .nsemng an enhancer sequence <ntc me vector 
Enhancers are os-act.ng events ONA dually from about ,0 to 300bc. ma, act to increase the 
0-ansopt.on .mtoanon caoao-i.* el a promoter Enhancers are re.afveiy orientation ano position .noeoenoen, . 

r r^'rLfT, ^rf,L^ m ' nS L - - ■ P " c ■ Aeaa ;sa - 15 993 f ,98, I> 3 <L"**V M «- « a< Mo., 
e OK) 3 1 108 [1983J» to the transcr«;non unit, wtn.n an .ntrcn iBanerj.. J L. et al Ce« 33 729 ~, 983]) as 

.veil as wtn.n me cod.no. secuence use* fOsoorne. TF.ei al.. Moi Cell 8.6" 4 ,293 {i984}) Many 
enhancer seouences are now *nown from mammalian genes .globm. elastase. aibJrmn ,-fetcprote.n and 
^ n '' VO,Ca ' ,V - Bowever «*• -« use a" enhancer from a eukaryotic ce« virus Enamp.es include the 
5>v4o enhancer on the tate s«e of me rep.Krat.on ong.n ftp 100-270). me cytomegalovirus ear* promoter 
s enhancer, me ooiyoma enhancer on me late s-ce of the rephcat-on ong.n. ano adenovirus ennancers 

Expression vectors used .n eukaryot* host ceils 1 yeast, fung,. ,nsect. plant, an.mai. human or nucleated 
ceiisi may also contam sequences necessary for the term.nanon of transcr.pt.on which may aflect mRNA 
express.on _These regions are transcribed as poiyaceny.ated segments .n the untranslated por?.on of me 
mHNA encoding me adheson 

5 Expresswn vector systems generally w.11 coma.n a se.ect.on gene also termed a selectable marker 
Examples of suitable selectable markers for mammalian cells are d.hydroioiate reauctase <DHFHt 
thym,o.ne k.nase or neomyc.n When such se^ctaoie markers are successfully transferred .nto a mamma- 
"an host ceil, me transformed mammalian nosi ceil can survive .f placed under selective pressure There 
-re two w.oei v used distinct categor.es ;f se.ect.ve ^eg.mes. The first category .s cased on a ceirs 

( metabolism and the use of a mutant ceil i.ne -n.cn .acks the acl.ty to grow -noeoenoen, ct a Supplemented 
medium T,o <..amp.es are. Cho OhFR- : e ..s ano ^ouse LTK- ce.is. Thesa ceils lack m ability t grow 
*.,nou, me aoo-fon of sucn nutr.en.j as mym.cn or .nyco.anm.n Because these ceils >ack cenam genes 
necessary for a compete nucteot.oe syntres.s samway tn« y cannot surv.ve un.ess m m.ss.n^ nucleotides 
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are orov.cea ,n a supplemented med.um An ait rnanve to suppiement.ng mo medium »s to .ntroduce an 
■ntact OHFR of TK gen ,nto cells tackmg me respective genes, thus altering m ir growth recuirements. 
individual reus *h. c n were not transformed «.th th OHFR or TK g ne w.n not be caoabi of survival .n non 
sucoi m nteo m aia 

The secono category .s dominant sefect.on *h. c n refers to a selection scheme used m any ceil type 
and does not require the use of a mutant cell i.ne. These schemes typically use a drug to a/rest growth of a 
riost cell Those ceds *h: C n nave a novel gene would express a protein conveying drug resistance and 
would survive the selection Examples of such dominant selection use the drugs neomycin. Southern P and 
Berg. P j Moiec Appi Genet ^ 327 (1982). mycophenouc acid'. Mulligan. R.C. and Berg. P Science 209 
1422 (1980) or nygromycm Sugoen. B ei ai . Mol Cell B»oi 5 410-413 (1985) The three examples g^er. 
above employ bacterial genes under eukaryotic control to convey resistance to the appropriate drug G4i8 
or neomycin igeneticm). «gpi imycoohenoiic acid) or hygromyon. respectively 

"Amplification- refers to me increase or replication of an .soiated region within a cell's chromosomal 
ONA Amplification -s achieved using a selection agent eg. methotrexate iMTX> wmch inactivates OHFR 
Amplification or the making 0 f successive copies of the DHFR gene results »n greater amounts of OHFR 
oe*ng produced m me face of greater amounts of MTX. Amplification presura .s apc«»ed notwithstanding m 
oresence of endogenous OHFR by adding ever greater amounts of MTX to the media. Amplification of a 
desired gene can oe achieved by cotransfecting a mammalian host ceil with a piasmic having a ONA 
encoding a desired protein and tne OHFR or amplification gene permitting comtegranon. One ensures that 
me ceil requires more OHFR. wmch requirement is met by replication of me selection gene, oy selecting 
oniy for ceils mat can grow *n the presence of ever -greater MTX concentration So icng as tne gene 
encocmg a desired heterologous protein nas co*ntegrated with me selection gene rep*: anon of mis gen 
$ives rise to replication of me gene encoding me desired protein The result «s that increased cooes of me 
jene » e an ampuheo gene encoding me desired heterologous protein express more of me desired 
•heterologous protein 

Preferred host ceils fcr expressing me CO antigen variants of mis invention are mammalian cell lines. 
e*amp*es including monkey kidney CVi line transformed by SV40 iCOS-7. ATCC CRL 165D. human 
emoryonic kidney i.ne (293. Granam. F L et ai J. Gen Viroi 36 59 [1977] and 293s ce«s (293 subclones 
selected for better suspension growth]), baoy hamster kidney ceils iBhk. ATCC CCL 10). Chinese hamster 
ovary-ceiis-DHFR (ChO Urtauo and Chasm. Proc Natl Acad Set iUSAi 77. 4216. [1980I>: mouse sen©* cells 
.TM4. Mather. JP Biol Reprod 23 243-251 (1980]): monkey k»dney~cetis iCVi ATCC CCL 70>. amcan 
green monkey kidney ce«s <VERO-76 ATCC CRL-i 587): human cervical carcmoma ceils iHELA. ATCC 
CCL 2): canine kioney cells (MOCK. ATCC CCL 34): buffalo rat »*vef ceils iBRL 3A ATCC CRL 1442>: 
numan lung ceils IW138. ATCC CCL 75) human liver ceils (Hep G2. HB 8065): mouse mammary tumor 
iMMT 060562. ATCC CCLSi censi and TRI ceils I Mather JP et ai. Annals NY Acad Sci 383 44^68 
M982J) 

"Transformation- means introducing ONA. into an organism so mat me ONA <s rep*caD*e. either as an 
extrachromosomai element or by chromosomal integration One suitable for transformation of the nost ceils 
«s me method of Graham. F ano van der Eb. A.. Virology 52: 456-457 M973). However, other methods for 
•ntroducing ONA mto cells such as by nuclear infection or by protoplast fusion may also oe used if 
orokaryotic ceils or ceils which contain substantial cell wails are used as hosts, the preferred method of 
rransfecbon is calcium treatment using calcium chtonce as described by Conen. F N. et ai . Proc Natl 
Acad. So (USA). 69 2110 0972V 

Construction of suitable vectors containing me desired coding and control sequences empioy standard 
and manrouiabve ligation techniques isolated ptasmids or ONA fragments are cleaved, taikxeo. and 
reflated .n me form desired to form the piasmids required. Suitable procedures are wen known for me 
construction described herein See for example. (Mamatis. T et ai Molecular Cloning . 1 33-134 Co»d 
Spnng Harbor. [1982]. "Current Protocols m Molecular Biology" edited by Ausubel et a/. (1987]. pub. by 
Greene" Publishing Associates & Wiiey-tntersaence). 

Correct piasmio sequences are confirmed by transforming E com Ki2 strain 294 <A7CC 3i4-»6» with 
igation matures, successful transfcrmants selected by ampiciiiin oTTetracycime resistance wnere appro- 
priate piasmids from the transformants prepared, and then analysed by restriction enzyme cigesnon ano or 
sequences by the method of Messing et ai.. Nucleic Acids Res 9 309 n98i> or by the method of Maxam 
et ai . Memoes m Enzymoiogy 65 499 <1980>. ~ 

Host ceils are transformed *Mth me evoression vectors of mis invention Thereafter they are cultured m 
appropriate culture media, e g -ontainmg substances ?or .ncucmg promoters, selecting transformants or 
amoiifytng genes. The culture cencmons. such as temoerature ch anc the like, ar those oreviously used 
with th host ceil selected for expression, and will be aooarent ;c tne crcmaniy skilled an?3an 
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The secreted aoheson variants are recover o and purified from the culture suoernatants ol recombinant 
hosts Typically, the supematants are concentrat d by ultrafiltration, contacted with a figand affinity or 
♦mmunoaffm.ty matrix so as to adsorb the adheson variant, and eluted from tn matrix. Oononaiiy. the 
aoheson *s punfi d by ion exchange chromatography 
5 Supnsmgiy purification of soluble CD4 aoh son from culture medium was un x^tedly difficult. 

Notwithstanding that the hydrophobic transmembrane region of the antigen had been deleted, tne antigen 
exhibited a strong tendency to form aggregates that could be readily removed from suspension by 
centnfugar.on at 1000 * g and which avidly coat surfaces such as ultrafiltration membranes This appears to 
result from the reduction .n concentration of albumin or other serum protein <ordma/iiy present m the crude 

*o preparation* to a particular level. below which the truncated antigen no longer remains soluble This 
phenomenon appears to be aggravated by exposure of the CD4 aoheson to tow p m « aoout pH 4i As a 
result, separation procedures (particularly those that employ acid elution. such as immunoartimty) should be 
modified sc that the eiuate is maintained at. or immediately returned to. about n«*itraiity. Further, a 
surfactant, e g a detergent such as Tween 80. should be included with the antigen during the separation 

•s procedure The fmai cunfied product w»h be stabilized with a predetermined protean such as albumin and or 
a detergent. 

The purified aoheson is formulated into conventional pharmacologically acceptable e*ac*ents. 

it <s administered to patients having Htv infection at a dosage capable of maintaining a concentration of 
great* than about i00 ng of soluble CD4 aoheson m* plasma. For C04 adheson variants having different 
— ™c*ecuiar weights aoout 2 p<omoies of soiuoie receptor per ml of plasma ~,h be .mtiaiiy evaluated 
ctmicaiiy .n order to establish a sto*cn«ometric eauivaience with native imemcrane ocunai and soluble 
receotor The ordinary dosage of soluble C£>4 is 100 ag kg of patient weight day 

The therapeutic C04 variants are employed with other therapies and agents for tne treatment of AIOS 
.nciucing AZJ neutralizing antibodies and immunocytotoxms. gpi20 fragments and vaccmes. 

,n or ° € ' to facilitate understanding of tne following examples certain frecventty occurnng methods 
and or terms will be descnbed. 

"P*asmtds" are designated by a "ower case p preceded and or followed by caottai letters and or 
numbers The starting piasm»ds herein are either commercially available, pubbciy available on an unrestric- 
ted basis or can be constructed from ava*»ao»e olasmids m accord with puofcsned procedures in addition. 
jo eouiva»ent ciasmids to those descnbed are *no~n .n me art and will be aooarent to tne orcunanfy smiled 
artisan 

■Digestion- of 0NA refers to catalytic cleavage of the DMA with a restriction enzyme that acts only at 
certain seouences <n me ONA The various restriction enzymes used herein are commercially available and 
tnetr reaction conditions, cofactors and other recu*rements were used as would be known to me ordmanry 

*s skilled artisan For analytical purposes tyoKraiiy 1 ug of piasmid or ONA fragment is used with aoout 2 
units of enzyme «n about 20 ul of oufter sotution For me purpose of isoianng ONA fragments for piasm^ 
construction typically 5 to 50 ag of ONA are digested with 20 to 250 units of enzyme m a larger volume 
Appropriate buffers and substrate amounts for particular restriction enzymes are specified by me manufac- 
turer incuoaoon nmes of about l hour at 37* C are croinaniy used, but may vary m accordance with the 

-r suoof»er's instructions After digestion me reaction .s eiectrophoresed directly on a poryacryiarmde gel to 
•soiate me desired fragment. 

"Recovery- or 'isolation- of a given fragment of ONA frcm a restriction digest means separation of me 
digest on poiyacrytamtde or agarose gel oy electrophoresis, identification of the fragment C f interest by 
comparison of its mobility versus that of mamer ONA fragments of known molecular weight, removal cf me 

■is gel section containing me desired fragment, and separation cf the gel from DNA This procedure is known 
generally (Lawn. R. et aj„ Nude* Aoos Res 9 6i03-6ii4 [1981J. and Goeddei. 0. et ai N u ae*c Acids 

Res 8 4057(19801). ~ 

" Oeprx>5pnory lanon " refers to the removal of the terminal 5 phosphates by treatment with bacterial 
alkaline phosphatase (BAP) This procedure prevents the two restriction cteaveo ends of a ONA fragment 

so from "circularizing- or forming a ctosed loop that would impede insertion of another ONA fragment at tn e 
restriction sue Procedures and reagent; for dephcspnoryianon and other recombinant manipulations are 
conventional Reactions using BAP are earned out .n 50 mM Tns at 68* C to suooress the activity of any 
exonucieases wrucn may be present .n me enzyme preparations. Reactions were run for i hour Following 
the reaction the ONA fragment <s gel purified. 

55 "Ligation" refers to the process of forming pnospnodiester bonds oetween two double stranded nudeic 

acid fragments (Mamatis. T et ai la at 146> Uniess otherwise provioeo. iiuancn may ce accomplished 
using known buffers and conditions with to units of T4 ONA hgase Ciigase"* per 0 5 ug of approximately 
eouimoiar amounts of the ONA fragments to be iigated 
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-Filling" or "blunting- ? fers to the procedures by which the single stranded end tn the cohesive 
terminus of a restriction en^yme-d aved nucleic acid is conv rted to a doubi strand This eliminates the 
con swe t rmmus and forms a blunt end This process is a versatile tool for c nv rtmg a restriction cut end 
that may be cohesive *»rn the nos created by only on or a few other restriction enzymes into a terminus 
compatibi with any oiunt-cutting restneti n endonudease or other filled c hesiv«* terminus. Typically, 
blunting is accomplished by mcuoatmg 2-i5ug of the target ONA in tOmM MgCI;. imM oithiothreitoi. 
50mM NaCl. lOmM Tns tpH 7 5) buffer at about 37* C m the presence of 8 units of the Kienow fragment of 
ONA polymerase l and 250 uM of each of the four deoxynucieoside triphosphates. The incubation generally 
is terminated after 30 mm phenol and chloroform extraction and ethanol precipitation 

The following examples merely illustrate the best mode now contemplated for practicing the invention, 
but should not be construed to limit the invention. All literature citations herein are expressly incorporated 
by reference: 



Example i 



Construction of Vectors for the , Expression of Native C04 and Secreted Derivatives 



Section i 

The piasmid used for recombinant synthesis of human Ct>4 was pSVeCD40HFR. The piasmid was 
constructed as follows. 

xCD4Pi containing most cf the coding sequence of human CD4 (obtained from a Human placental 
cONA library using c*gGnuc»eot>oe proces based on the published sequence {Maodon et ai i98S]> *as 
digested with EcoRI to produce me cONA insert. This fragment was recovered by pOJyacryiam.ee get 
electrophoresis (fragment 1 > 

pUCiS was digested witn Eco RI and the single fragment recovered by poryacryiam.ee get elec- 
trophoresis (fragment 2). Fragment i was ugated to fragment 2 and tne bgatton mixture transformed »nto E 
cofc strain 294. The transformed culture was plated on amptcilKn mec&a ptates and resistant colonies 
selected. Ptasmid ONA was prepared from transformants and checked by restriction analysis for the 
presence of the correct ONA fragments. This piasmid is referred to as PUCCD4. 

pSVeE DHFR <Muesmg et ai.. Ce* «*8«9 1-701 (1987]) was digested with Kpni and Bam hi and blunted 
with. E cofc ONA polymerase I (Kienow fragment) and the four dNTPs. Fragment 3 containing the pMt-Amp' 
region. SV40 early promoter, the HIV LTR. and the mouse OHFR gene was recovered by gei elec- 
trophoresis, bgated and the hganon mixture transformed into E. coli strain 294. The transformed cutture was 
plated on ampiciibn media plates and resistant colonies selected. Ptasmid ONA «as prepared from 
transformants and checked by restriction analysts for the presence of the BamMI restriction s»te and the 
absence of the Kpn l restriction site This plasm id is referred to as pSVeABKDHFR and allows EcoRi-BamHi 
fragments to be inserted after the SV40 early promoter and transenbed under us control, following 
transfection into an appropriate cell tine. 

Synthetic ofcgonucieotKJes (adaptors 1-8. below) were made to extend from 76 bo 5 of the initiation 
codon of CD4 translation to the Rsaf restnction site at 121 bp 3 of the initiator, with the secuence AATT at 
the 5 end of the sense strand to generate an end which could kgate to an EcoRI restnction fragment. 
These oligonucleotides were iigated and the 204 bp fragment containing the entire sequence recovered by 
gel electrophoresis (fragment 4> 

CD4 adaptor 1: AATTCAAGCCCAGAGCCCTGCCATTTCTGTGGGCTCAGGTCCCT 
CD4 adaptor 2: oACTGCTCAGCCCCTTCCTCCCTCGGCAAGGCCACAATGAACCGGGGAGTC 
C04 adaptor 3: pCCTTTTAGGCACTTGCTTCTGGTGCTGCAACTGGCGCTCCTCCCAGC 
C04 adaptor a. 

pAGCCACTCAGGGAAACAAAGTGGTGGTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGT 

CD4 adaptor 5: pACAGGTCAGTTCCACTGTATCCCC I I I I I I GCCCAGCACCACTTTGTTTCC 
C04 adaptor 6: pCTGAGTGGCTGCTGGGAGGAGCGCCAGTTGCAGCACCAGAAGCAAGT 
CD4 adaptor 7 pGCCTAAAAGGGACTCCCCGGTTCATTGTGGCCTTGCCGAGGGAGGAAGGG 
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C04 adaptor 8 



GCTGAGCAGTAGGGACCTGAGCCCACAGAAATGGCAGGGCTCTGGGCTTG 



20 



PUCC04 was d.gested w,m Rsa, and Sstl and th 4 0 i bo fragm nt contain.ng part of th C04 coding 
seouence recovered by ge. eiectroonor SlS «iragm nt Si pUCtS -as digested win EcoRI and Sstl and th 
fragment compns.ng the C uih 0 f the p.asm.o recovered by gel electrophoresis (fragmV- 6>. Fragments 4 
and 5 were i.gated to fragment 6 and the i.gat.on mature transformed into E col, strain 294 The 
transformed culture -as plated on amp.c.ii.n med.a plates and resistant colonies "seiecW Piasmid DNA 
-as prepared from transforms and checked by restr.ct.on analysis for the oresence of the correct 
fragment The sequence of the .nseneo synthetic ONA was checked by exos.ng the 605 bp EcoRi-Sstl 
fragments from several transformants and i.gating them to Mi3mpi9 wn, C h had been digested^. th The 
same enzymes. After transform a t, 0 n .nto E. col. strain JM101. single-stranded ONA was prepared and 
sequenced One piasm.d wmch contained the correct sequence was selected, and .s referred to as pC04*nt. 

pCD*nt was digested w,th EcoRI and Sstl and fragment 7 containing me s' end of the CD4 coding 
region was recovered by get electrophoresis. 0UCC04 was digested with Sstl and BamHi and the n 39 bp 
fragment contain.ng me remainoer of me CD4 coding region (fragment 8) re^oWed bTgei electrophoresis 

oSVe^BKDHFR was digested w.tn EcoRI and Bam HI and fragment 9 cc-n posing me bulk of the 
plasma was .soiated Fragments 7 8 ano 9 were ugatec and the ligation mature transformed .nto E con 
strain 294 The transformed culture was plated on amooihn media piates ano the resistant colonies 
selected Piasm.d ONA was preoareo from transformants ano checked by restriction analyses for the 
presence of the correct fragment Th. s oiasmid is referred to as pSVeCD40HFR. ano was used to direct 
synmesis of recombinant intact CD4 



Section 2 



25 



A p4asm.o was construcreo to direct the synthesis of a CQ4 derivative lacking me putative transmem. 
brane domain ano most of me outatrve cytoplasmic domain fMadoon et aJ.i Th>s was done with me 
.ntennon of creating a secreteo form 0 f CD4 based on me assumption maTtn^se domains anchor me CD4 
glycoprotein to me ce» membrane, ano mat me* deletion would resort .n me secreDon of me product Th. s 
30 0*sm<t is referred to as oSVeCO4ANia0HFR ano was constructed as follows: 

PUCCD4 was digested -mn Sstl and Tag I and the S3 1 bp fragment (fragment TO) recovered pUCCD4 
was chested with Niaili ano Taqf ano the 1 12 bo fragment (fragment 1 1 > recovereo pUCC04 was ogesteo 
w,th BamHi and Niaili and the 301 bp fragment (fragment 12) recovered pC04««t was digested w,m Sstl 
and BamHi ano fragment 13 compnsmg the bulk of the plasm* recovered. Fragments 10 1 1 ano 12 WeTe 
js ugateo together w.m fragment 13 ano the bganon mixture transformed .nto E co* strain 294 The 
transiormed culture was ptated on amp^tkn media plates and resistant cowes~5e^cled Piasm-o ONA 
was prepared from transformants ano checked by restriction analysis for the presence of me co«ec! 
fragment Piasmio ONA from several translormants was sequenced to ensure mat the 195 00 Niali! 
fragment had been oeieteo ano thai me proper reading frame was restored Tne resulting plasmas 
-so referred to as pC04£Nia. 

pCD4^Nla was digested w.m EcoRJ and Bam Hi and the 1541 bo fragment containing the. sequence c< 
a CD4 derivative lacking me transmemDrane and cytoplasmic domains recovered (fragment 14) ano tigatec 
to fragment 9 and the UgaDon mature transformed into E coji strain 294 The transformed culture was 
plated on ampoitin media plates and resistant colonies selected. Ptasmid ONA was prepared from 
transformants and checked by -estnctwn analysis for me presence of me correct fragment This piasmid is 
referred to as 0SVeCO4^NiaOHFR 

Bom pSVeCCMOHFR and pSVeCD4*NiaDHFR were transfected .nto CHO ceils by the same method 
used to establish cell lines stably expressing HIV-I polypeptides (Muesrng. Sm.m and Capon. Cell 
48:6910701 [1987]). These ceils were assayed for production by raoioimmunopreapitation as described 
oeiow Wh.ie no product was detected .n .nmai experiments subsequent experiments showed mat me 
above described coding segment could .noeeo direct the synthesis of a soluble C04 adheson variant bom 
in CHO ano 293 cells. 



-*5 



SO 



55 Secticn 3 



A Afferent expression system was initially used for th synthesis ano expression of a C04 variant 
!ac»c,ng comoieteiy the cytopiasm.c and transm mbran ooma.ns Th SyS i m us s th cytomegaiov.rus 



16 58 



891 4 31855 



EP 0 314 317 A1 



promoter ana can be usea .n cultured ceils ol human ong.n. The first piasm.d constructed for use m this 
system coma.ned the entire coding region t 0 r C04 and was .mended to function as a control .n the fott wing 
studies it .s ref rred r as pflKCD4. and was constructed as follows: 

oSVeC040HFR was digest d w.th EcoRi and BamHl and fragment t$ containing tne entire C04 coding 
region was .soiated pRKS (European Appi.canon No. 88308386 7) was dig sted with £:oRI and BamHl and 
fragment 16 comprising the bulk ol the plasmid recovered by gel electrophoresis. ligaTed to fragnTent 15. 
and the ligation mixture transformed into E coh strain 294. The transformed culture was plated on ampiciiim 
media plates and resistant colonies selected. Plasmid DNA was prepared from transformants and checked 
by restriction analysis for the presence of the correct fragment. This plasmid is referred to as pRKCD4 



Section 4 

The next plasmid constructed was designed to direct the expression of me above-mentioned (Section 3, 
secreted derivative of CD4 The cooing region of C04 was fused after amino acid residue 368 of mature 
CO* to a sequence from pBR322 which cooes for 9 more residues before a translate termination codon 
This removes the putative CD4 transmembrane and cytoplasm*: domains, wruch are presumed to anchor 
CD4 to the ceil surface The plasmid is referred to as pRKC04T and was constructed as follows 

pSVeC04DHFR was digested with Hpail blunted with Kienow fragment and the four cNTPs. and 
digested with BstEil The 382 bp fragment (fragment xn containing part of tne CD4 coding seouence was 
recovered by gel electrophoresis oSVeC040HFR was digested with EcoRI and BstEil and tne 874 op 
fragment (fragment 18) recovered pBR322 was digested with Hmg ill. blunted with Kienow fragment and the 
four dNTPs. and digested with EcoRI Fragment 19 comprising me bulk of tne ptasrmd was isolated and 
ugated to fragments 1 7 and 18 and tne ligation mixture transformed into E. com strain 294 The transformed 
culture was plated on amfxiliin media plates and resistant colonies selected" Plasmid DMA was preoared 
from transformants and checked by restriction analysis for the presence of the correct fragment This 
plasmid is referred to as pCD4Tint 

pRKS was digested with EcoRi ano Sma i and fragment 20 composing the bulk of me piasm*d isolated. 
pCD4Tint was digested with EcoRI and EcoRV and the 1410 bo fragment containing me CO* coding 
seouence to tne Hpail site at 1 1 76 op 3 of tne initiating codon and the 1 54 bo Hino lll-ScoflV fragment of 
pBR322 was recovered (fragment 2t> Fragments 20 and 21 were bgated "and mT~i^at>on mixture 
transformed mto E. cob strain 294 The transformed culture was ptated on ampoibn media plates and 
resistant colonies "selected Piasm<i DNA was prepared from transformants and checked by restriction 
analysis for the presence of the correct fragment. This pJasmid is referred to as pRKC04T 



Section 5a 

»n order to create a secreted form of CD4 which could be purified with an antibody directed to herpes 
virus type I glycoprotein O a oiasmid was constructed to express a cenvatrve of CD4T m whicn the region 
coding for the mature processed CD4T polypeptide was fused to a seouence coding for me signal peptide 
and tne first 27 residues of tne mature type i Herpes Smpiex Virus gO glycoprotein This plasmid .s 
referred to as pRKGDC04T. and was constructed as follows: 

pgOTrunc OHFR was digested with EcoRI and Pvull and the fragment containing me coding region for 
the signal peptide and first 27 residues of the mature hSV l gD glycoprotein was isolated (fragment 22). 
pRKCD4T was digested with EcoRI and BstEM and fragment 23 containing the 3 end of the CD4 coding 
sequence and the pRK5 region was isolated 

Synthetic oligonucleotides GO (adaptors 1-2. be»ow> containing the coding sequence of CD4 from me 
coden for the amino terminal residue of mature C04 to the Rsa site at 121 bp 3 of translation initiation, and 
containing the sequence CTGCTCGAG at the 5 end of me sense strand were prepared (fragment 24). 
pRKC04 was digested with Rsa i and BstEil ano the 665 bo fragment containing part cf the coding region 
for CD4 was recovered (fragment 25 1 and hgated to fragment 24 After digestion with BstEM to ensure that 
only monomenc fragment was present, the 724 bp fragment containing both sequences~was recovered by 
gel electrophoresis (fragment 26). 

Fragments 22. 23 and 26 *ere hgated and the ligation mature transformed into E. ccii strain 294 The 
transformed culture was ptated on ampiciHm media oiates anc resistant cotonies selected Plasmid ONA 
was prepared from transformants and checkea oy restriction analysis for me presence of the correct 
fragment The sequence of sev rai transformants cneckec to ensure that th syntnetic «ns rt was 
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correct ana thai reacing frame was oreserv tt t>u« ^i,.™. _ , _ 
Th s « ofi « a * p,eserv d Th.s piasmid is r ferroo to as pRKG0C04T. 

™!^« ,„ m P ^ Sm ' aS p,e,e,ab, v uansfactea ,nt 293S ceils for stabl e-press.oo 

a o.a S m"d '"V " Ce " ^ 691 ,,987) " ,h ,h ' c that ,„ * m ° pl a,m.d 0 , P ,„,eres, 

r? 0 " ' eS,S,anCe pflSV ne ° '^""^ « 81 *• ™ »'»»S (1985.) 
2 a D i«^ !1 ? 3 " * alS ° a ' e USM sa " s,ac ">'"v " *ost ceils. 2 days after infection, tne ceils 
22 ,S * n T ' 0ME ^PP'e-e"ted L^.utamme. peniClin-streptomyon 

mil ™! " ! ^ m> 04,8 <Gen " C,n SU " a,e G,bC0) Mi9Cbon <" cel. lines, rather than .n 

CD* y™""™ " Sh ° wn 6v Mues,n 9 et al Ce,,s ""ve* *» P'oducoon of C04 or 

CD4 analogs by rad,o.mmunoprec.p.lat.on Bmd.ng stud.es .section 5c) used conditioned supernatants from 

IT ^ me ' ' ° ME mea ' um Ma,er ' a,S use ° -"•ctmiy assays ,sect,on Sb) -ere obtained as 
described m section 8 below 

9° C04 adaptor ,. 

CTGCTCGAGCAGGGAAACAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGAC 

9° C04 adaptor 2 

PACAGGTCAGTTCCACTGTATCCCCTTTTTTGCCCAGCACCACTTTGTTTCCCTGCTCGA 



Section Sb 

™* ,0 "° w "^ eonswuwi a study of the neutralisation of HIV-1 .nfectrvity by soluble CD4 analogs A 

mod.hca»on of tne neutralization procedure of Roben-Gurotl et ai . Nature 316 72 <I98S» -as lo^eo 
Eoual volumes of .nhibitor suoematan. ana virus .60 m<roh.ers) were .ncuOatWo~ai 4 degrees C for I hour 
menme same volume of H9 ,GaUo et ai Scenes 224:500. 1984) at 5.10- ml .as added and .ncuOanon 
c^nued for t nou, a. 3/ degrees C Following absorpoon. 2 5.10* cells ,n ISO meters -ere transferred 
° 2 ™ °' ;° Cubat, ° 0 me01 * A »« 4 «YS a « 37 degrees C. the cultures -ere spM .2 -tn fresh med.a and 
2^1^ ?nc°^ 3 °* YS C " ,fUreS -« re h * vesteo - «• «• ransenptase actrvty -as measured 
r^nTT S eSea,Cn 300 Muman "a"*™*" 3:71. 1987). and .mmunoffuorescence realty 

7*™'^*™ SefUm was ° e,eTTT,,nea « desenbed |P5e« et ai. Proc. Acad. Nat. So USA 77 74 1 5 
1980) inh.o,,or supernatants -ere obtained Jrom confluent plate cultures ol 293s CDT4 293s gOCCWT cells 

Z^Tl?* 3 * Ce " S ° y re04aC,n9 9 r0Wtn -ncubaoon med* and harvesting the 

s»flpematan tt 24 hours later mh,b..or supernatant replaced part or an of tne mcubaoon med« dunng tne first 

?£L ?c ™ " ,nd,Caled " °* Secood coh,mn °' Tabte 3 Challenge dose of vwus -as 100 
JZL^ZZ?*" ~ ~ • SUD,a '°' 5t,a,n HTLV -'" 8 ^ * *> ^is assayed «, tne same system 

•ncubaoon med.a consisted of RPMI i&40 med« conta.n.ng 2mM L-gfutam^e. 100 units ml peraolto. 100 
myograms mi streptomycin. 2 myograms mi poiybrene and 20% fetal calf serum iMA acproductsi 

Table 3 



Inhibitor supernatant 



mock-transfected 

mock>transfected 

CD4T 

CD4T 

gOC04T 

gOC04T 



Oiuhon cl 
Inhibitor 
supernatant 



indirect immunofluorescence 
Co positive celts) 



Reverse transcriptase 
Icprhml x 10 s ) 



uncil.. l 4 


653 


65.5 


21 8 


239 


unoil .. T 4 


61 2 


61 1 


185 


28.1 


uodil 1 4 


0.4 


180 


0 11 


5.94 


undil . 14 


08 


16 1 


0.15 


3.72 


uodil . 1 4 


0.4 


26 8 


0 14 


9 92 


undil.. 14 


1 4 


36 1 


0 23 


113 



Both forms of soluble C04 virtually abolished the gro-th of Hiv-i. -hen .ncubated -.th vrus-.nfected 
cells -thout prior dilution ,Tabte 2». Ai a dilution of 1:4 the soluble C04 preparauons -ere only pan.a.iy 
effective .n .nmbiting v.r u s gro-m. ho-ever tne level ol fluorescent-positive ceils and reverse transcnotase 
-as still s.gn,f.cantly lo-er than cultures receiving mock-transfected cell supernatants iTable 2) Since there 
-as no significant difference .n virus gro-th ber-een diluted and undiluted control supernatants. nor d.o any 
ot me supernatants affect :he gr 0 -tn of uninfected H9 ceils (data not shown), soluble CD4 prote.ns present 
•n these supernatants -ere concluded to o respons.bi f r tne neutralization of Hiv-i mfect.on of M9 ceils 
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Section 5c 

To determine the affmdy constant for interactions betwe n gp!20 ana C04 or CO** variants, saturation 
Otncing analysis was cameo* oui with soluble C04 (supra) and det rgent soiubiiured miact CO** (Lasky et al. 

* Ceil 50 975 [1987]> employing radioiodmated gpi20 labeled with lactoper xidase. 3mdmg reactions con- 
sisted ol ;5 l-gpi20 (3 ng to 670 ng. 2.9 nCi ng) incubated lor t hour at 0 degrees C with cell lysates 
containing mtact C04 (Laskey et al op at.) or cell supernatams containing unlabeled C04T or gOCD4T 
prepared as described m section 5a Reactions <0.2mi> had a final composition ol 0.5X McOougal Lysis 
Buffer (McOLB) (1 * McDLB contamsO.5 Nonidet NP-40. 0 2°o Ma deoxychoiate. 0 12 M NaCL. 0 02 M 

•? tns-HCi. pH 8.0) and were performed m duplicate, both m the presence or absence d 50 micrograms ol 
unlabeled purified gpt20 (74 told or greater excess). Following incubation, bound gpi20 was auantitated by 
mnunoprecipitation and counted m a gamma counter. For mnunoprectpitanon. binding reaction solutions 
were preabsorbed with 5 microliters of normal rabbit serum for one hour at 0*C. and cleared with 40 
microliters of Pansorb«n (10 wv Calbiochem) for 30 minutes at 0 degrees C. Samples were u\cr. 

■5 incubated overnight at 0 degrees C with 2 microliters of normal serum or 5 microliters (0.25 microgram! of 
OKT4 monoclonal anttoody (Onno» followed by collection of immune cc-npiexes with i0 microliters of 
Pan sorbin Precipitates were wasned twice m IX McOLB and once m water, then eiuted by eiuting at 100 
degrees C fcr 2 minutes m sample oufter t0.t2 M Tns-HCi pH 6.8. 4». SOS. 0.7 M mercaptoethanoi. 20°o 
glycerol, ano 0 i*o oromopnenoi blue) C04 molecules were bound saiurabty by gpi20. and yielded a 
simple mass action pinoing curve Suoernatants from mock-transfected ceils gave a »evei of specifically 
bound gpi20 :ess man i'« mat found tor supernatants containing sduo>e CD4 Scatcnard analysis revealed 
a single class of binding sues on eacn moiecuie. with ao parent dissociation constants <Kd> o* i 3 < 10~- M. 
0 83 « 10" ? M and 0 72 * i0" ? M for miact CD4. CD4T and gOC04T. respectively The values obtained for 
CO4-gpi20 binomg m solution are comparable to the affinity previously measured for gpi20 bmong to C04 

& on whole ceils (Kd = 40* i0~* M Lasky. Ceil, suprai. 

Section 6 

20 in order to produce secreted derivatives of C04 which are free of extraneous amino ac*d residues, rwo 
plasm ios were constructed for expression m 293 ce»is The piasmios contain C04 genes *n*cri have been 
truncated without the addition of extra residues, and are referred to as cHKCD4ANla and pRKC04TP. and 
were constructed as follows: 

Fragment 14 containing the CD* gene with the 195 bp Nta in resmcocn fragment oe*eted was ligateo t 

» fragment 16. which is pHK5 ogesteo with EcoRl and BamMl. The ligation mixture was transformed into E. 
coh strain 294. the transformed culture plated on ampoiim meoa oiates and resistant co«omes selected 
Piasmid ONA was prepared from transtormants and checked by restriction analysis for tne presence ct :he 
correct fragment The resulting ptasmid is referred to as pRKC04^Nia. 

Synthetic ONA was made to attach to the Hpaii site at ii76bp and wnich *nen so attached would 
terminate translation after amino acid residue 370 of mature CD4 (fragment 27). The other end of this 
fragment was designed to iigate to Bam hi restriction fragments. pUCCD4 was digested with BstEU and 
Hpa ll and tne 382bp fragment containing part of the C04 gene was recovered (fragment 28) Fragments 27 
and 28 were -figated and then digested with BstEH to reduce dimenzed fragments to monomers, and the 
resulting 401 bp fragment was recovered (fragment 29) 

j5 pHKC04 was digested with Bstll and Bam HI and the fragment comprising the bulk of the piasmtd 
(fragment 30) was isolated and iigaied to fragment 29. The ligation mixture was transformed into E. coii 
strain 294. the transformed culture plated on ampicitim media plates and resistant colonies selected. 
Piasnud ONA was prepared from transformants and checked by restriction analysis for the presence of the 
qorrect fragment. The resulting piasmid is referred to as pRKCD4TP Both piasmtas are transfected into 293 

so cells to generate stable vanant C04-ex pressing ceil lines as described above. 

Section 7 

55 Two piasmids were constructed to direct the expression of secreted C04 lacking extraneous ammo acid 
residues m CHO ceils. These are reietrec to as pSVeCD4ANiaSV0HFR ano pSVeC04TPSV0HFR. and 
wer constructed as follows: 

pE348H8\AE 400022 was digested with Pvui and EcoRl ana :ne fragment contam.ng the SV40 early 
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«STSu Z £1h, > . ,? 9e " * aS ' 9C0W «' '"^em 31, P6348H8V E400O22 was d.ges.ed 

sCiS,v ^ „ ' agm nt cof "*™* «" ol th J-iactamase g ne as w .. as the 

SV40 early pr moter and me OHFR g n „ aS .seated (tragm nt 32). 

Tru, , r ,^ e 1 S J 1 32 W fe " 9at d ,09e,he ' "" h " agmen ' 14 ™ transformed -mo E. CO., strain 294 
DNA l« o ™J U ,0 ' e was , pia,ea on W'»<» -M.a p.a«es ana res.stant co.on.es 7e*c7ed. P.asm,d 
f?^m^f Th-^f,. |ra"S«ormants and checked by restr.ction anaiys.s for the presence of the correct 
DNA TJ m !„ ^ PaSmKl ' S r0 ' e,re<, '° 35 P SV EC04 A N,aSV0HFn. Th.s p.asm.d contains the same 
p^S^STSSon'S SO,Ub ' e C ° 4 m ° ,eCU, ° *"* - - *»ve-ment,oned p.asm.d 

r ^ KC04TP . * 9es,e0 w,,h !£2 RI and BamH) and the fragment containing the truncated C04 cod.ng 
'1 " 9ale ° '° "»9 me "" 3. and 32. The ..ganon m.xture was transformed .nto E coH 

P.^jfrLl S Ofmed Cu,tu ' e p,a,ed on ^P'Clm med-a plates and res.stant coion.es seiSctid 

TZ , ~« P/eoared from transformants and checked by restr-oon anatys.s to* the presence of the 
2? men ' I^ resu, « ,n 9 o.asmK) .s referred to as pSVeC04TP S VDHFR. Both of these oiasm.ds are 
o^ST ' ° Ce " S amp ''"* 0 •'^sfectants seated by me metre, a. e us.ng corwennonai 



Example 2 



.^Z^'JlI? V reQ,C "°' ^ CO * 9ene ^ ,cn * ^moogous ,o the vanabw reckon of ^nmoroc^hn 

™ ? ^^J? - 198S> W consta " t ,C » <* .mmur^tobJTV ana >2 chins are 

construe tea as *oik>ws: 

«e^^^ 0 ^L'^ ma fl ,O COOe ^ ^ C 01 • .rescue, -09-214, based cn me 

JT^J^ ^ b J MonB - 2! ^ ^ Sc. 82 7025-7029. -m the aoonon at me 5 end ol 
™ ™?Z sequeoca GGGG :h.,-7,acmen. to be ..gated to me BsoMi s.te ai me 

a^ea « region ol C04 At me 3 end of the coding reckon, a transianon^oo cocon „ 

fZZL^JZl sequer>ce -h*h aitow, m-s end to be Ugated to BamHi restnewx, fragments The 

* ™*L?^;L maae 8 ,Ta9TT,ent3 4 ,or eacn m ™ -0-90 t«ses-T5Sg. These are then^oweo :o 
anneal and '•gated poor to .scuahon on a ooiyacry.am.de get Oagment 33) 

me r«2*vi^^If ""1 l£ R ' 300 5* M ' ^ 478t *> conta^ng me region coding .or 

" recoweG " r *3™"' 34, Fragments 33 and 34 are^gared together 
J?™. 6 " ,Cm *• e ' p,ess * n CRK5. The hganon mature .s transformed mto E. cofc strain 

me transformed culture plated on amoc.ihn meoa plates and resistant cotor«es selected P7aim« OMA 

T^T^f/r °T tranS '° m,anls opened by restrnition analysis for me presence of me correct fragment. 

• ne resulting piasmid >s referred to as pRKC04Ci<. 

A otasmKl encoding a fus.cn of the C0< V-.ke aom*n to the human .mmunogiobutin C>2 reoon .s 
conseucted .n a sim.tar tash.cn. and . 3 referred to as pRKCD4C>2. Bom of these plasmas are uansfected 
.nto Z93 ce»s. myetoma ceils or other competent cens .n order to cbtan ceil lines e*press.ng va/.ani C04 
motecuies as desenbed above. 



Expression in CHO Cells 



Plasmas were constructed to Arect the e.pressKjn of the .mmunoadhesons desenbed above .n CHO 
^^rvT Se ^J^ e ° ,0 " PS^^-rfSVDHFR pSVeCD4 2> t SVDHFR. pSVeC04 w> , SVDHFR. 
P SVeCD4 -> ,SVDHFR. pSVeC04^SV0HFR and oSveCD4 I . SVDHFR 

nF-*Sf«T^LvV rT,? 33 descr,Deo Fragment 32a was prepared by d^est-ng p.asm.d 

pE34aH8v E4O0 022 w,m BamHI. blunting w.m Klenow fragment and the (our oNTPs. then digesung w.th 
Pvul Plasma PRKC04 47 ,. pRKCf^l,^. pRKC04^ >1 . pRKCD4., >I pRKC04 4 . and P RKC04,/,ere 
7^ £ C ' 9eS,ed W " h — d '" °' un,ea " ,m K!e "°* "agrnen, and the four dNTPs. men d.gested -..h 
feoff The '9Suit.ng ONA fragments were i.gateo together w.«h fragments 3i and 32a and transformed .nto 
t. con strarn 294. Co.on.es -ere selected and checked tor the presence ol the correct p.asm.o as aoove 
then transtecteo .nto CHO ceils and amp.,f.ed by me.notre.ate sekjcfon us.ng convent-ona. procedures 



Exam pi 3 
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Th gOCD4T s ceted Dv the method ol Exampi i was purified rom ceil culture fluid containing eith r 
10°* FBS ti tai bovme serum* or no added FBS The conditioned ceil culture fluid was first concentrated by 
ultrafiltration then punfted by tmmunoaffimty chromatography The 'mmunoaffinity column was produced by 
coupling murine monoclonal antibody 586 (whose epitope is on the HSV-l gO portion of the gOCD4T 
moiocuie* to glyceryl coated controlled pore glass by the method of Roy et al. ?984 The concentrated cell 
culture fluid is applied directly to the column and the contammadng proteins"are washed away with neutral 
pH buffer The column is then washed with neutrai buffer containing tetramethyiammonium chloride 
followed by neutral buffer containing Tween 80. The bound gDCD4T . s eiuted from the column w.th buffer 
at pH3 containing Tween 80 (0i°o w v » and is neutralized immediately as it is eiuted. The eiuted 
neutralized gOCD4T is then concentrated by ultrafiltration and diaiyzed diafiltered to exchange the Duffer for 
a ohysioiogical salt solution containing Tween 80 at approximately 0.1 w v 

if the detergent is not present the gOC04T forms aggregates as evidenced by the ability cf 
centnfugation at approximately 1 0.000 Xg for 2 minutes to remove the gDCD4T from the solution, 
incubation of gOC04T at 4*C m O.tM sodium acetate. 0.5M NaCl and 0<>5M tns at pH 7 together with 
BSA. Tween 80 or glycerol as candidate stabilizers snowed that, m the absence of a stabilizer the gOC04T 
gradually aggregated over the space of 12 days to the point wnere only about 6O-70*. of the protein was 
soluble. However, use of Oi'o wv Tween 80 or (O S mg mi BSA ensured mat about tOO*. or 80%. 
respectively, of the g0CO4T remained soluble over this penod. Surpnsingfy glycerol was ineffective as a 
stabilizer and produced results inferior even to the comro*-at 8 days about 80*. of the gOCD4T was 
aggregated when stored m the presence of glycerol 



Example 4 



Piasmids were constructed to direct the expression of proteins containing differing lengths of T»e ammo- 
terminal, extracellular domain of C04 fused to the constant region of human immunoglobulin >i. These 
cwasmids a»e referred to as pRKCD^v. pRKCD4„ > i. pRKC04 2>1 . pRKCD4 w >i pRKC04, >t and 
pRKCD4.^i 

Piasmtd pRKCD4, >? contains the portion of the CD4 gene from the initiation codon to the fusion site 
after me cooon for senne reside 366 of the mature CD4 polypeptide, immediately followed by the sequence 
coding for the constant region of human immunoglobulin >i. starting at the coCon for senne residue 1 14 of 
mature human immunoglobulin > i (Kabat ef a/.) 

Piasm k3 pRKCD4^i contains the portion of the CD4 gene from the initiation codon to the fusion site 
after the cooon lor lysine residue 360 of the mature CD4 polypeptide, immediately followed by the 
seouence coding for the constant region of human immunoglobulin >t starting at the cooon for serine 
residue 1 14 of mature human immunoglobulin yi (Kabat et a/.). 

Piasmid pRKCO*^! contains the portion of the CD4 gene from the initiation codon to the fusion sue 
after the cooon for gtutamme residue 180 of the mature CD4 polypeptide, immediately followed by the 
sequence coding for the constant region of human immunoglobulin >i . starting at the codon tor serine 
residue 1 14 of. mature human immunogiobutin y\ (Kabat et a/.). 

Piasmtd pRKC04 w> i contains the portion of the CD4 gene from the initiation cocon to the fusion site 
after the codon for leucine residue 1 77 of the mature C04 polypeptide, immediately followed by the 
sequence coding for the constant region of human immunoglobulin 7 1 . starting at the cooon for serine 
residue 1 14 of mature human immunoglobulin >l (Kabat et al). 

Piasmid pRKCD4^i contains the portion of the CD4 gene from the initiation codon to the fusion site 
after the codon for aspartic aod residue 105 of the mature C04 polypeptide, immediately followed by the 
sequence coding for the constant region of human immunoglobulin >i. starting at the codon for serine 
residue 1 14 of mature immunoglobulin >i (Kabat et al.) 

Piasmid pRKC04, t>1 contains the portion of The" CD4 gene frcm ;ne initiation codon to the fusion site 
after the codon for leucine residue 100 of the mature C04 polypeptide, immediately followed by the 
seouence coding for the constant region of human immunoglobulin y \, starting at me cocon for serine 
residue 1 14 of mature human immunoglobulin >i (Kabat ef a/.). 

Construction of these piasmios required the pnor construcnon of piasmid pRKCD4TP>i it was 
constructed as follows 

A cONA clone cooing for human immunoglobulin >t *as obtained from a human spie n cDNA library 
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(Ciontecn Laoorator.es. m c i us.ng ohgonucteot.des based on the published sequence lElhson ef a/.. *Nuc. 
Aoas Res. 10 4071.4079 (,982)>. and an EcoRI-Eagl fragm nt ah EcoRl s.te was contributed by a linnen 
containing part ol th vanao. and all of th constant r g.on was obiSned. This fragment was blunted w.th 
Ki now fragm nt. and recover d by g i electrophor s.s <Fragm nt an 

Ptasm,o 0RKCD4TP was digested w.th Xbal and treated w.th Ki now Enzyme, and Fragment a2 
containing the unearned piasm.d was recovered by gel electrophoresis, and (.gated w.th fragment a.. The 
i,gat,on mature was transformed .nto E con strain 294. the transformed culture plated on amp.c.Hin med.a 
p.ates and resistant coion.es selected Plasmid ONA was prepared from the transformants and checked by 
restriction anaiys.s fo^rhe presence of the correct fragment ,n the correct onentat.on <. e me .m- 
munoglobuhn coding reg.on .n the same onentat.on as the C04 coding region, and at the 3 end of the C04 
coding region). This plasmid »s referred to as pRKCD4TP 7 i. 

Synthetic oligonucleotides were made as primers for deietionaJ mutagenesis reactions to fuse the 
aooroonate cod.ng sequences of igGi and CD4 as descr.bed above. These were svr.ii.es.red as -tS-mers 
composing 24 nucleotides on each s*de of the desired fusion site o.e.. corresponding to the COOH-term.nai 
8 residues ot the desired CD4 mcety. and the NH 2 -term.naJ 8 residues ol the desired .mmunogiooui.n 
moety, Piasm,d pRKC04TP > i was transformed into E. col. strain SRiOi anc the transformed cultures 
piated on amptcimn media plates Resistant colonies were selected and grown ,n the presence cf mi3K07 
bacteriophage to yield secreted, encaosidated single-stranded templates of pRKCD4TP > i The s.ngie- 
stranoed piasm.d ONA was .sotated and used as the template for mutagenesis reasons with me synthetic 
c*gonucieotides oescnbed above as onmers The mutagenesis reactions were transformed E. cc4i SRiOi 
anc me transformed culture owned on amoK.n.n media plates Transformants were screened by co»ony 
Hybridization (ref Grunstem-Hognessi for me presence of the appropriate fusion site. using i6mers as 
pro&es These i6mers ccmonse 8 oases on either side of the fusion site, and the nytxtoxcatHXi conditions 
cnosen were sufficiently stnngent that me probes only detect the correctly fused product Coion*es 
<Jenohed as positive were selected and piasm* ONA was .soiated and transformed .nto E. cob strain 
SRi 01 The transformed cuftures were ptated on ampoibn media plates, and resistant colonies were 
selected and grown ,n me presence of mi3K07 bacteriophage. Templates were prepared as aoove and 
screened by sequencing 

The piasm.cs were transferee -nto 293 ceils using standard procedures and assayed fcr expression 
and production as desenbed above 





Expressed 


Secreted 


pRKC04.. > i 






ORKCO*.^ 






pRKC04 w ^ i 






oRKCOA^t 






pRKCrM^j 




♦ 


pRKCf^^i 







P'asmids also were constructed to direct me expression of fusion proteins containing differing tengms of 
the am.no-term.nai. extracellular domain of CD4 fused to the truncated portion of the constant reg.cn of 
human .mmunogtoOubn 7 l. composing only the hinge region and constant domains CH : and CH, 

Synthetic oitgonucieotioes were mace as pnmers for mutagenesis reactions to ceiete me m- 
munogioouhn sequence from Serf 14 to Cys2i5 inclusive (Kabat ef a/>. These were synmesned as 48- 
mers composing 242> nucleotides on each side of the desirec fusion site (i.e.. corresponding ro the COOH- 
terminal 8 residues of me desired CD4 moiety and the NH : -term,nai 8 residues of the oes.red .m- 
munoglooubn mo*ety, Plasmas pRKCD4, >r pRKCD4 ?>1 and pRKCD4, > | were separately transformed 
.nto.E. coh strain SRiOi and the transformed culture plated on amo.ctiiin media plates. Transformants were 
screened by colony hybr.duat.on <Grunstein-Hogness) for the presence of the appropriate fusion site us.ng 
t6mers as probes. These i6mers comprise 8 bases on either side of the fusion s.te. and me hyonc.cat.on 
cond.tions chosen were sufficiently stringent thai the probes only cetect the correctly fused product 
Coion.es identified as pos.tive were selected and piasm.d ONA was .soiated and transformed .nto E :o.i 
strain SRiOi. The transformed cultures were plated on ampic.ii.n media plates, and resistant coion.es *ere 
selected and grown m the presence of mi3K07 bacteriophage Templates were preoarec as above anc 
screened by sequencing. 

The plasmid der.v o from piasm,c pRKCD4^! is referred to as pRKCD4„ c ,. that derived f.om casm.c 
pRKC04, >1 is referred to as pRKC04 2 ^, ano that d nv d from piasm.o pRKC04, >1 , £ referred tc as 
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PRKCD4.,.. 

pRKCD4 : < ano pRKC04 4 , c , are cultured m me same fash.on as described abov and 

CMi-d ieted CD4 .mmunoachesons recovered as a scr.bed elsewhere nere.n 

Light Chain Fusions 

Piasm.ds were constructed to direct the expression of prote.ns contam.ng d.fter.ng lengths of the am.no 
term.nai. extrace.Mar domarn of C04 fused to the constant region of human .immunoglobulin These 
piasm.ds are referred to as pRKCD4«.. and oRKC04^. 

Piasmid pRKC04 4 , contains me port.on of the C04 gene from me .mtiat.on cooon to the fus.on s.t 
after the codon tor serine residue 366 of the mature C04 ooivpept.de. .mmediateiy followed by th 
sequence tor the constant region of human .mmunogiobulin . starting at me codon for threonine rescue 
t09 of the mature huma.-i immunoglobulin • (Kaoat ef a/.>. 

Piasmid pRKCD4^. contains the portion of me CD4 gene from me .mnanon cooon lo me fus.on s.t 
after the codon for >ysme rescue 360 of the mature CD* poiypeobde. .mmediateiy followed by th 
sequence for the constant region of human .mmunogiobulin starting at me codon for threonine residu 
109 of the mature human immunoglobulin « iKabat ef a/.) 

These plasmas were constructed m a manner analogous to piasmid pRKCD4 > i aescnoed aoove. with 
me following exceotion. 

The human .mmunogtobuHn • coding sequence <F»g. 5) was Obtained from a human spleen cDNA 
i.bra/y (Ctontech Laooratones inc > using oi.gonucieo&oes based on the published sequence <H>eter P A ef 
a/ . Ceil 22: 197-207 [1980]) and an fcoffABspMl fragment containing part ol me vanao*e region and the 
entire constant region was obtained This fragment was blunted with Kfenow fragment and the four aNTPs. 
Th. s fragment was used instead of fragment ai. ano was used to construct piasmid pRKCCWTP h. 

E^amoie 5 



Culture. Punficaticn and formulation of CD4 variants 

Ptasm^os encoding CD4T oro*yi terminal (CD4TP) or C04T .mmunoadhesons were calcium pnospnat 
transtected .nto CHO-0P7 (a consuls-transformed autocrine host ce« derived from CHO: US SN 97 472) 
and me transform ants grown m selective medium <1 l HAM Fl2 0M£M GHT" containing l - !<)•• 
ciafiftered or diaiy*ed bovine serum) Other suitable host ceils are CHO cells or 293s numan embryonic 
«.cne y ceils The transformants were suocioned into the same medium but containing 500 nm methotrexate 
A subctone capable cf secreting C04T C04tp 500 b. was selected CD4ro 500 o «s cultured .n a 
DMEM ham Ft2 medium at aoout 37" C until C04T accumulates .n the culture, after wh*cn the medium .$ 
separated from me ceils ano tnso*ub*e matter by centnfuging. 

Culture fluid from CD4TP transformants was concentrated and oafittered to tower me .on.c strength. 
The concentrate was passed mrougn a large volume of O-Sepnarose anion exchange resin (previously 
equilibrated with 25 mM NaCl. cH 8.5) « order to adsorb contaminants from me culture fluid. The 
.soeiectnc point of C04TP .s about 9 5. mus making .t possible to discriminate between truncated forms of 
CD4 and most contaminants by alternate adsorption, respectively, on a cation exchange resin such as 
cardpxymemyi or suifonyl Seonarose. ano an anion exchange res.n such a quaternary ammonium 
Sepharcse in addition, since highly eiectroposit.ve domains are present m the extracellular segment of C04 
ano C04-contaimng variant .s purified m me same fashion as CD4TP. The unadsorbed culture fluid from th 
an.on exchange resm step was men oassed through a cation exchange res.n ipreviousiy equ.i.bratea with 
25 mM NaCl at oh 8.5> whereoy C04TP was adsorbed to the resm. The C04TP was eiutec with a NaCl 
gradient at pH 8.S. th.s CD variant eiutmg at about 0.2 mM NaCl. Ammonium sulfate was acoed to th 
eiuate to the concentration of t 7M ano me solution oassed through a column of hydrcohoo.c -nteracnon 
chromatography resio ipnenyi or butyi Sepharose). The CD4TP was eiuted from the hyoroonoo.c interaction 
column with a gradient of ammonium sulfate, me CD4TP emerging at aoout 0.7M ammonium sulfate The 
etuate was concentrated and buffer exchanged on a G-25 column using phoscnat3 Outferec saline 
conta.n.ng 02 % iw V » Tween 20 or Tween 80 Th CD4TP was soiuole ano stable m this solution, *n. C h 
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was sterile filtered and fined .nto vials as an aqueous formuiat. n Other polymeric non:on.c surfactants are 
suitably used w.th th CD4 formulations, including Pluromc block copolym rs or poly thyi n glycol. 

it «s also possibi to empi y immunoaffinty purification of soluble CD4 wh rem th C04 is adsorbed 
onto an immobilized antibody against C04. This method surf rs from th oisadvantage that elution of th 
CD4T under acidic conditions leads to protein aggregation that is only thoroughly ameliorated at relatively 
higher levels of surfactant The foregoing procedure permits the use of much tower quantities of surfactant 
about from 0.01 to 0.10 •« <w v) surfactant 

The procedure followed for the purification of C04 fusions with immunoglobulin heavy chain was to 
concentrate recombinant supernatanis by ultrafiltration and thereafter adsorb the fusion onto resm-.mmo- 
biiized Staphylococcal protein A. The fusion was eluted with O.iM citrate buffer pH 3 with no salt or 
detergent. This preparation is buttered .nto tns buffer at pH 7.5. The immunoglobulin fusions with CD4 vi- 
V4 optionally are further purified by the procedure described above for unfused CO* variants C04 
immunoglobulin fusions w,th CD4 vi-V2 also may be punfied by the procedure above, except that »t * not 
expected that the isoeiectnc point of this class of molecules will be as alkaline as that of species containing 
ail four V regions of CD4 



Example 6 



The characteristics of several acheson vanants were determined. As shown m table 4 the .mmunoad- 
nesons CD4 4>1 ana CD^i snow improved plasma haif-Me m rabbits, coupled with h,gh-affin.ty gpi20 
bmoing ana an affinity for FCy receptor (determined with U937 ceils* that is comparaoie to that of Ouik 
human lgG> 



Table 4 





gpl20 KO 


Fc>R KD 


Ptasma Hart-Ufe * " 






fnMr 


in Rabbits tHrs.l 


CO*T* 


23:04 




025 


CD4 a> i 


12 = 01 


2.83 - 0.25 


64 


CO*,,,, 


1.4 z 0.1 


3.01 z 0 68 


406 


human igG 


NO 


3 52 = 0 5 


21 days' 



* determined »n humans 



* KD was oetermined oy the method of Anderson et a/.. -J. Immunol.' 
125 2735-2741 (1980* 

* determined by the method of Smith et a/.. 'Science" 238 1704-07 (1987). 
S residues 1-368 only 

* * The adheson van ant was injected intravenously into rabbits and samples, 
of blood were collected periodically and assayed for the presence of the 
adheson van ant 



Claims 

1 Nucteic acid encoding an amino sequence variant of an adheson. 

2 The nucie*c acid of claim i wneretn the adheson is a CD4 polypeptide. 

3 The nucleic acid of claim 2 wherein the variant is a CD4 polypeptide .n which nucleic acid encoding 
:ne transmembrane domain has been modified wnereby the CD4 polypeptide encoded thereby contains an 
■n activated transmembrane domain 

4 The nucleic aoo of claim 3 wnerem the transmembrane domain nas been inactivated by us deienon 
or by substituting tor the iransmemorane domain an ammo acid sequenc having a substantially nydroonihc 
hydropathy profit . 
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5 The nucleic aod of da.m 2 wherem the variant comprises a fusion of fa) a polypeptide different from 
the C04 and ib> a CD4 poiypeptid 

6 The nucteic acta of claim 5 wherem the polypeptide different from the C04 bears a non-CD4 immun 
epttop 

7 The n u cieic aod of claim 6 wherem the polypeptide different from CD4 is fused to the ammo or 
carboxyi term.nus of mature CD4 and the transmembrane domain of CD4 has been inactivated. 

8 The nucleic acid of claim 5 wherein the different polypeptide comprises a signal sequence. 

9 The nucleic acid of claim 5 wherein the differen polypeptide contains about from 5 to 300 residues. 

10 The nudeic acid of claim 9 wherein the different polypeptide is capable of eliciting a humoral 
immune response m an animal 

1 1 The nucleic aod of claim to wherem the different polypeptide is a virai poiypepttde or an allergen 

12 The nucleic acid of claim i wherem me different polypeptide »s a numan plasma protein having a 
plasma haif *»fe greater than from which the transmembrane dcmain has been deleted 

13 The nucleic acid of cia»m i2 wherem me variant is a fusion of a polypeptide comprising at "east one 
V-iike domain of C04 fused wttn a polypeptide ccmp/tsmg an <mmunog*oouun constant domain 

14 The nucteic acid of claim i wherem the adheson is C04. COS or me high affinity igE recector 

15 The nucietc acid of claim 2 wherem the variant consists essentially of the V- through V* or V- 
mrough V : regions of the CD4 antigen 

16 The nucleic acid of claim 2 which consists essentially of the C04 insert of pC£>4^Nia. 

1 7 The nucieic aoo of claim 1 2 wherem the differen polypeptide is aib^mm. a lipoprotein or transferrin 

18 The nucie»c acid of ctaim 8 wnerem the signal sequence is a cactenai SigraJ seouence 

19 The nucieic acid of claim 15 wherem me variant consists assent) airy of CD4 residues 1-368 

20 The nucieic acid of ciaim 16 wherem me variant consists essentially cf CD4 residues 1-1 80 

21 The nucleic acid of ctaim 13 wnerem me immuoogtobuhn constant comam is the constant domam of 
an igO heavy chain 

22 The nucietc acid of caim 5 wne*e«n me different polypeptide «s a cytcto« poiypepooe 

23 The nucleic acid of c:a>m 5 wnerem the cytotoxic polypeptide is a dipmena tc»m A 

24 A composition comprising an acheson ammo acid secuence variant wti»ch is mcacaoie cf ceil 
memorane anchorage 

25 The composition of oaim 24 wfverem me adheson variant comprises a CD4 ammo ac;C secuence 
capable of binding gpi20 

26 The composition of ciaim 25 furmer comprising an agent for inhibiting me aggrecaucn of me variant 
selected from the grouo of a ceoetermineo protein and a surfactant. 

27 The composition of claim 26 wnerem me agent <s a surfactant. 

28. The composition of claim 27 wherem me surfactant is Tween 80 or Tween 20 

29 The composition of oaim 25 wnerem me C04 transmembrane domain has ceen deleted or nas 
oeen substituted for by an ammo aoo secuence having a substantiaiiy hycrooMHc hydrcoamy profile. 

30 The composition of claim 29 wmcn is steme anc which further composes a pnys*o*ogicaJiy 
acceo table carrier 

31 The composition of claim 25 wnerem me variant comprises an immunoglobulin ammo acid 
secuence 

32 The composition of ctaim 31 wherem the immunoglobulin secuence comonses a constant domain 
secuence of an immunoglobulin heavy cnam 

33 The composition of claim 32 wherem me constant domain »s linked at its N-termmus to me C- 
termmus of a transmembrane-oetetec CD4 polypeptide 

34 The composition of claim 33 wnerem me C04 polypeptide contains V V : 

35. The composition of claim 33 wherem the CD4 polypeptide contains V- V : V;Vi 
36 The composition of claim 31 wherem me me variant is m me form of a dimer 

37. The composition of claim 36 wherem me composition comprises a fusion of a C04 V-ii*e dor tarn to 
an immunoglobulin heavy chain constant domam 

38. The composition of ctaim 24 wherem me variant is selected from the group consisting of 
(ai AC L : 

ibi AC-AC.,: 

id AC«-[AC^. AC t -AC. AC.„-V,C. V.C-AC-. or V..C.-V.C-J: 
id) AC.-AC--(ACh. AC t -AC. AC^-VX-. V..C..-AC-. or V t C t -V M C^i; 
<e> AC.-V.C^-{AC^. AC,-AC~. AC-V.C- V,e L -AC-. or V L C,*V*.C]; 
iU V,.C L -AC^fAC-. AC,-AC-. AC,-V,C^. V t C t -AC-. Or V^d-V^C.) 
Or 
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<g> |A-vj„.{v l c l -v M C-| 

where.n a .s a CD4 oo.ypeot.de coniam.ng a CD* var.ao.e reg.on-hhe doma.n: V t . C, and C represent 
-gm o. heavy c«a.n vanab. or cons , ant aomjins 0 , an imm l00u(in: „ , ,„ y 
the resido of a covaient cross-linking ag ni * 

39 Th eompos.t.on ol clam. 38 wh r ,n the V t and V. ooma-ns are c'apab. of Omc.ng a pred ter- 
mined antigen. ' 

( I , ; e l C ° m l P ° s,,IOO <>» claim 31 where.n me -immunoglobulin seauence obtamed from igGi. igG2 
igG3. lgG4. igA. igE. IgO or IgM * 

41 The comoos.t.on of da.m 25 where.n the variant compr.ses a poiypept.de afferent from CD4 which 
• s non immunogenic m humans. 

42 The compos.tion of aa.m 4i where.n the var.ant compr.ses a po.ypept.de wn.cr, .s .mmunogen.c .n 
humans. 

43 The compos.t.on of cia.m 41 wherein the var.ant compr.ses a 0c.ype9t.ce 1-av.rg a numan plasma 
naif life wn.cn is greater than about 20 h OU rs 

44 The composition ol dam 41 wnere.n the variant compr.ses a numan transferor, aoonpoorotem or 
albumin polypeptide 

45 The composition ol claim 25 wnerem the var.ant comprises a cytcto.ic polypeptide 

46 The composition ol claim 45 ~"ere.n tne cytotcc ooiypept.ee .s nan A chain or cbpmer.a to..n A 

fX)iypept.de composing a C04 ammo aod secuence caoae* of Oncfcog gpi20 , s cross- 

vnked to ta> poiypepnoe naving a plasma naif i.fe of 5 'eater man about 20 hours or ,b. a cytotcc 
Polypeptide. 

4fl The polypeptide of claim 47 .nerex. me po.ypect.ee of .a. , s transfemn. an aoo-oocotem or 
aiOumm 

49 1716 DO,ypept,de ot cla,m 47 ~"ere.n me cytotoxic poiypepode is cross-unked to the CD4 vanaoie- 
bke domain by a ^functional cross-*«n*ong agent 



of claim 



50 A method for preoar.ng an adheson var.ant comprising translating a nosi cell ~m tne nude* ac.o 
taim 1 



, S ' , A mettVX1 ,0r oreparing an aoheson variant composing recovenng vanant from tne colore Of a 

host ceil transfected with me r«ucie»c aoc o» claim 1 

52 The method of cam 5. -^e.n tne adheson .s CD4 and the vanant .s recovered me culture 
medium of the host cell 

53 The method of claim 52 «ner*n me variant .s recovered by aosorpben onto a canon e.cnance 



resm 



54 The method of craim S3 ~nere,n me variant »s recovered by adsorption of ccmammants onto an 
anKXi exchange resm. 

55 The method of claim 52 -herein me variant lacks a functional tf ansmemorane domain 

56 The method of claim 52 wherem ~nere.n a salt .s aodec to the culture medium to occupy charged 
domains of the vanant. the resulting soufon . s contacted mth a hydroonooc affin,ty chromatography resm 
toadsort) the vanant and the vanant eiuted from the resm by ~ash,ng the resm «,* a cectmmg gradient of 

« T £® memod of clairn 52 whe * e,n vanant ,s recovered by .mmuncarfin.ty chromatography. 

58 The method of claim 57 wherein me .mmuncarfin.ty enrcmatography .s directed agamst a 
polypeptide different from CO* wn*ch is fused to CD4 

59. A method for the treatment of an hiv mfect.on comprising aommistenng to a patent .n fee ted w.th 
HIV a therapeutically effective dose of an ammo aoo secuence variant of CD4 

60 A reptocaote vector comprising me nuoetc acid cf claim i 

61 A process which comprises the preparation of nucleic ac»o accorcmg to any one of claims I to 23 a 
composition according to any one of claims 24 to 46 or a ooiyoeot.de according to any one of claims 47 to 
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